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*everything -- it is the only thing. -In medicine in gsndcsal and

in medical research in particular, professional credibilfty isa't,

everythinag -it I* the only thing.

Professional credibility can only be achieved by a *om-

bination of investigator .tp~r trist clinical and laboratory

experience, and dedication. The US Army Medical Department and

the US Army M~edical Research & Development Command have both- pro.

noted and supported the professional credibility of this

Institute by facilitating assignment of investigators and clini-

cal staff possessing the necessary expertise, ensuring the

necessary patient density, and providing the financial support

essential to conduct state-of-the-art biomedical research. Such

support recognizes the Importance of professional credibility In

terms of quality of patient care, effectiveness of teacilng, and

excellence of research which combine to enhance career oppor-

tunities and recruitment attractiveness for the Institute and tboe

US Army Medical Research & Development Command.

The Burn Team is not simply a- shorthand term for the. Malt

Individuals involved in the oars of the burn patieint but as &tll-

encompassing classification of the wultidsoplmery starf at

this Institute Which ensures optimum. patient eare, W*11l Was-n

tifieation of oliuaioally relevant problem iequicift aMwo m

the rapid 'deelopment of effeetive, iavestiati Atttl~n
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These research results as wll as the clinical outoome of the

many oritically ill patients oared for at the Institute clearly

establish and verify the professional credibility of both the

Institute's Burn Team as a whole and the individual members of

the Team.

BASIL A. PRUITTt JR., HD, FACS
Colon*s, MiC
Commander and Director

The opinions expressed above are the private views of the author

and are not to be construed as official or as reflecting the

views of the US Army Medical Research & Development Command, the

Department of the Army or the Department of Defense.
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23. (U) The Clinical Division of the US Army Institute of Surgical
Research continues its role as a major specialized clinical treatment
center for thermally injured military personnel. Its main objectives arl
the investigation and modification of new diagnostic and therapeutic
methods for optimum care of the burn patient as well as dissemination of
the scientific advances to military and civilian medical treatment
centers.
24I. (U) Thermally injured patients both from the Continental United
States and throughout the world are evacuated to the US Army Institute
of Surgical Research for intensive inpatient therapy. Carefully con-
trolled evaluation of the efficacy of many treatment modalities is
undertaken.
25. (U) 8010 - 8109. Two hundred twenty five seriously burned pa-
tients were admitted and treated during 1980. Active clinical research
activities include evaluation of laminar flow isolation to delay burn
wound colonization; assessment of L-triiodothyronine therapy following
thermal injury; studies of pulmonary -function following crystalloid and
colloid intravenous fluid resuscitation; investigation of the metabolic
response to and nutritional support of acutely burned patients;
investigation into the neurohumeral changes following severe injury;
and, assessment of wound management techniques has provided information
for the care of burned and injured man.
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ABSTRACT

PROJECT NO. 3Sl627T2A87T-00, APPLIED RESEARCH

REPORT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
BURNED SOLDIERS

US Army Institute of Surgical Researoh, Brooke Army Medical
Center, Fort Sam Houston, Texas 78234

Period covered in this report: 1 January - 31 December 1980

Investigators: William F. MoManus, MD, Colonel, MC
Anton J. Jirka, MD, Colonel, MC
Michael J. Walters, MD, Lieutenant Colonel, MC
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I. William Goldfarb, MD, Major, MC
Cleon W. Goodwin, MD, Major, MC
George Vaughan, MD, Major, MC
Roger W. Yurt, MD, Major, MC
Hector Benitez, MD, Captain, MC
Esber H. Mansour, MD, Captain, MC
Gerard E. Strieper, Lieutenant Colonel, MC
Jack S. Fullerton, Captain, AMSC
Molly S. Maguire, Captain, AMSC
Nancy K. MoLaurin, Captain, AMSC
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Reports Control Symbol MEDDR-288(RI)

Two hundred and twenty-five patients were admitted to the
Clinical Division of the United States Army Institute of Surgical
Research during the calendar year of 1980. The emphases of Clin-
ical Division activities over the past year have continued in the
areas of excellence of patient oars as well as research in the
areas of host response to injury and improved methods of burn
treatment. Education of health professionals has also remained
a principal activity. Major areas of research included
assessment of the metabolic and neuroendoorine responses to
injury and resuscitation. This report suamarizos the activities
of the Clinical Division of the U.S. Army Institute of SUrgical
Research during calendar year 1980; catalogs the responses to
treatment and complications which contributed to morbidity and
mortality.

Autograft Topical Therapy
0 Heterograft Resuscitation

Homograft Air Evacuation
Thermal Injury Inhalation Injury
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CLINICAL OPERATION, CENTER FOR TREATMENT
OF BURNED SOLDIERS

IThe Clinical Division, U.S. Army Institute of Surgical
Research admitted 225 soldiers and other authorized patients
with thermal, chemical, or electric injuries during the 1980
calendar year. Burn Teams of this Institute conducted 76 aero-
medical evacuation flights for 97 patients (43% of admissions)
of which 73 flights were within the-Continental United States
for a total of 92 patients. The OCONUS flights were to Buenos
Aires, Argentina for three patients and Puerto Rico and Panama
for one patient each. Forty patients (18%) were admitted'to this
Burn Center from Emergency Medical Services in the immediate San
Antonio area. Seventy-four of the 225 patients (32.8%) were
admitted within 24 hours following injury and 146 patients
(64.8%) were admitted within 48 hours of injury. The ages of
admitted patients ranged from 7 months to 92 years with an
average age of 29.8 years. The following statistics are based on
212 patient dispositions during the calendar year 1980. One
hundred eighty-six (76.8%) of 242 dispositions were male patients
and 56 (23.1%) were female. The average burn size of all dis-
positions was 35.7% total body surface burn with a 16.6% average
full thickness injury. Fifty-three patients were in the
pediatric age group (age 15 and under) and 57 patients were in
the older age group (45 years of age or older). The average
patient's hospital stay was 41.3 days when convalescent leave was
included in the calculation and 38.4 days when convalescent leave
was subtracted. In the 242 patients there were 16 electrically
injured patients, one patient struck by lightning, five chemi-
cally injured patients, and the remaining 220 patients with
either flame or scald burns. The cause of burn injury is deli-
neated in Table 2 and the source of admissions is identified in
Table 1.

EDUCATION

The professional staff of the Clinical Division, U.S. Army
Institute of Surgical Research conducted numerous educational
exercises for military and civilian professional and parapro-
fessional personnel during 1980. A total of 13 resident-physi-
cians were attached to the U.S. Army Institute of Surgical
Research for periods of one to two months during 1980, including
three from Brooke Army Medical Center, three from Fitzsimons Army
Medical Center, two from Letterman Army Medical Center, two from
Pensacola Naval Air Station, one from Wilford Hall Air Force
Medical Center, one from the University of Texas Health Soievioe
Center at San Antonio and one from William Beaumont Hospital in
Royal Oak, Michigan. Medical students rotating at the InStitute

1 , ,



of Surgical Research for clinical clerkship experience included
two health profession scholarship students, two students from the
Uniformed Services University of the Health Sciences, one from
State University of Now York-Downstate, one from Ugivrity of
Oklahoma College of Medioine, two from Louisiana Stat. tflversity
College of Medicine and one from Baylor College of Ne"aine. In
addition, two physicians spent two weeks TDY for training oduing
1980. Physicians from foreign countries visited the InStItute
for periods of time ranging from one day to six monthe and
included four from Great Britain, three from Swedex, three from
North Yemen, three from India, three from Japan, two from
Belgium, two from West Germany and one from each of the following
countries, The Peoples Republic of China, Norway, Australia,
Canada, Mexico, Yugoslavia, Denmark, Pakistan, Thailand, Egypt
and Israel. In addition, fully trained physicians visited from
the University of Vermont, University of Illinois, Syracuse, New
York and Puerto Rico. The Physical Therapy Branch of the
Clinical Division had 30 military and civilian trainees and the
Occupational Therapy Branch had 57rtrainees In calendar yea"
1980. Twelve scientific publications appeared in refereed medi-
cal journals and 150 scientific presentations were dondusted for
military and civilian medical audiences. Numerous scientifle pre-
sentations were made at the Academy of Health Sciences and
various military installations throughout the Continental Uaited
States to include support of Operation Red Flag of the Air Force.
In addition, weekly professional staff conferences were conducted
for and by the Institute personnel.

MORBIDITY AND MORTALITY

Sixty-six of 242 patients died during calendar year 1980
(Table 7) for an overall mortality of 27.3%. Autopsies wert
performed in 64% of these hospital deaths. The average total
body surface burn injury of patients who died was 64.3% with an
average third degree burn of 41.8% and an average age Of 39
years. Twenty-six of the 66 patients who died (39%) had Lnhala-
tion injury as a primary diagnosis or antecedent to pneumonia as
a cause of death. Ten children (18.9% of dispositions) ditd with
an average burn size of 57.9% total body surface and an average
full thickness burn of 33.2%. The average age Of those chldren
who died was 4.9 years and seven of these 10 patients had autop-
sies. Unusual causes of death included one patient with Phency-
olidine Hydrochloride (PCP) toxicity and one patient with: ahdida
troptoalis pneumonia. Infection continues to be the most Trequent
complication of burn injury. Sixty patients had bacteria'
recovered from blood oultu-1es; the single most common Organism
being Coagulase e Staphylococus aureus In 30 patients followed

pi



by Pseudomonas aeruninosa in 16 patients and i13kfan aeg
In 10 patients. Burn wound sepsis was diagnose 1n 25piaU4ts
and suppurative thrombophlebitis in five patients. CaItda algo-
es were recovered from the blood of eight patients 6d -

Iii'erillues pp. were reoovered from burn wound biopsies of 15
patients. viral tinfeotions included Herpes simplex virus in
three patients and ohiokenpox in one patient.

Again In 1980 no patient required oeliotomy for upper Sastroin-
testinal hemorrhage, however, one patient required closure of a
perforated gastric ulcer and nine patients had clinical evidence
of upper gastrointestinal hemorrhage which responded to non-
operative therapy and one patient had a peeforated gall bladder
from acaloulous oholecystitis.

Thirty-nine patients had acute renal failure and two of these 39
were treated with hemodialysis. Acute myocardial infarotion was
diagnosed in nine patients and acute bacterial endooarditib was
seen in five patients. Pulmonary problems ingluded 74 patients
with inhalation injury, bronohopneumonia in 55 and hematogenous
pneumonia in two patients. One hundred and two patients (12.1%)
had associated injuries to include 74 patients with inhalation
injury, CNS injury in seven, multiple lacerations in nine, eye
injuries in 13 and fractures in six patients.

STATISTICAL RESUME DURING CALENDAR YEAR 1980

Two hundred twenty-five patients were admitted to the Institute
of Surgical Research and there were 242 dispositions during the
same period. Subsequent data are based on dispositions. There
were 186 sales and 56 females with an average age of 29.8
years ranging from seven months to 92 years of age. Fifty-three
patients (22%) were less than 15 years old and 57 (23.5%) were
over 45 years of age. The average total burn per cent was 35.7%
with 16.6% average extent of full thickness burn. The average
hospitalisation of all patients, excluding convalescent leave
for active duty military was 38.4 days. One hundred forty-six
patients were admitted within 48 hours of injury.

During 1980, 1,554 operative procedures were perforned-on 190
patients for an average of 6.4 procedures per patient. Fivo
hundred thirty-two anesthetics were given 150 patients (4.2 jer
patient). One hundred forty-four patients reselved a totalof
466,090 cc of blood (3237co/patient).
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Table I identifies the source-of adaiesion of patie~ts,'01t
calendar year 1980; table 2 summarizes 4urn etiology; table 3
lists the effect of age and extent or injtury on . uirival; aadp
table 4 lists mortality rate associated with incr'ements of 10%
total body surfaoe burn for years 1977 through 1980. Table 5
summarizes survival of patients with extensive burns from 11958
through 1980 and Table 6 compares mortality before ad after
the use of topical chemotherapy of the burn wound.

SUMMARY

The U.S. Army Institute of Surgical Research, Clinical Division
admitted 225 acutely injured patients during calender year 1980.
No essential changes in patient management occurred except for an
increasing use of wound excision to expedite closure of the burn
wound.
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Rounds. Dept of Surgery Wayne State Univ Med Sob, Detroit, NX
23 Feb 80.

Terry J: Burn Nursing. Medina Memorial Sob of Nursing.
Hondo, TX 25 Feb 80.

Pruitt BA Jr: Pulmonary Complioations in Burns. Grand
Rounds Dept of Surg, Vanderbilt Univ, Nashville, TN 25 Feb 80.

MoManus WF: Air Evaouation of the Acutely Injured Patient.
55th Anl Mtg Texas Public Health Assn, San Antotio, TX 26 Feb 80.

Benitez H: Treatment of the Burn Patient. Physical Therapy
students, Academy of Health Saiences, Ft Sam Houston, TX 29 Feb
80.

Terry J: Burn Nursing. Physical Therapy students. oAcademy
of Health Sciences, Ft Sam Houston, TX 29 Feb 80.

Allie JC: Physical Therapy Management of Burks. 658 stu-
dents, Academy of Health Sciences, Ft Sam Houston,TZ 29 Feb'80.

Bonites H: Surgical Prooedures on Burned Patients, Opera-
ting Room Technicians, Santa Rosa Hospital* San Antonio, TX
4 Mar 80.

Nosanus WP: Infection Control In Burn Units. Assn for
Praotioners in infection Control. ilozi, mS 6 mar 80.

Pruitt BA Jr: 1) Modern Trends in Burn Managemeat- 2) Man-
agement of unfeotion in the Trauma Patient. SunaOeat Trat
Seminar. univ of South Florida Med Sob, Tampat FL 131- Mar 80.

Walters NJ: Medical Rod Flag 2. Travis AF5 CA 18-o Mer 0.
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Goldfarb IW: Nutritional Support. Meory Hospitals Son
Diego, CA 23-25 Mar 80.

The following presentations were made at the American Burn
Association An1 mtg in San Antonio,-TX 27-29 Mar 80:

Pruitt BA Jr: Diagnosis of Burn Wound Infection
Boker RA: Suppression of Free Thyroid Hormone Concentra-

tions in the Clinical Unstable Burn Patient.
Walters NJ: Corneal Problems In Burned Patients
McManus WF: Central Nervous System Infections in Burn

Patients
Goodwin CW: Lack of Effect of Colloid Oncotic Pressure on

Pulmonary Extravasoular Lung Water in Thermally Injured Patients
Aulick LH: Effects of Injury and Bacterenia on Hepatic

Blood Flow and Glucose Metabolism of Burn Patients
MoManus AT: Studies on the Mechanisms of In Vitro Resis-

tance to Silver Sulfadiazine
Zitzka CA: Computer-Assisted Nutritional Assessment of the

Thermally Injured Patient
MoManus WF: Prevention of Infection by External Means
Pruitt BA Jr: Debugging the Patient. Moderator Plenary

Session

Benitez, H: Treatment of Burns. Officers Basic Course,
Academy of Health Sciences, Fort Sam Houston, TX 2 Apr 80.

Pruitt BA Jr: Systemic Effects of Thermal Injury. Distin-
guished Visiting Scientist Lecture. Albany Medical College,
Albany, NY 9 Apr 80.

Pruitt BA Jr: Care of Combat Injured Burn Patients. Walter
Reed Intern Lecture Series. Walter Reed Army Medical Center,
Washington, D.C. 10 Apr 80.

Mansour EH: Burn Assessment and Early Nanagement. BAMC
Interns EM/AMIC Clinic BANC Ft Sam Houston, TX 11 Apr 80.

McManus WF: Burn Wound Care. In Service Nursing Service
ISR, Ft Sam Houston, TX 16 Apr 80. "

Ooldfarb IW: Total Parenteral Nutrition. Intensive Care
Nurse Clinician Course students, BAMC Ft Sam Houston, TX 21
Apr 80.

The following presentations were made to the ClinIal
Pastoral Chaplain's Course, BAMC, Ft Sam Houston, Ts 23 Apr 80t"

Goldfarb IW: Traumatic Injury
Trusoott J: Critical Care Nursing with Burn Patients

Syby C: Emergency Burn Care and Overview of Burn Nursing.
Nursing students, Ranger Junior College, at BANC Ft 3am Bouston
Tx 24 Apr 80.
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Terry J: Nursing Care of the Thermally Injured, tdwst
Recruiting Command. Nursing students Southeast Missouri State
Uni, Cape Girardeau, MO 23 Apr 80; Univ of Missouri Columbia,
Columbia, MO 25 Apr 80; Southwest Missouri State Univ at Spring-
field, MO 26 Apr 80.

Yurt RW: Acute Burn Care and Fluid Resuscitation. Physi-
cian's Assistants Continuing Education program. Womack Army
Hospital, Fort Bragg, NC 24 Apr 80.

The following presentations were made to the USAF Nursing
Service, Scott AFB, Mo 5-7 May 80:

Walters MJ: Complications of Burns
Terry J: Nursing Care of the Burn Patient

Lockwood L: Air Evacuation of the Burn Patients

The following presentations were made at the Combat Casualty
Care Course, Camp Bullis, TX on 5-8 May 80:

Yurt RW: Initial Evaluation and Treatment of Combat Cas-
Valties

Walters MJ, Fanning RK, Mansour EH and Benitez H: Burn
Management; Chest Trauma; Abdominal Trauma and Evaluation of
Extremity Trauma

Pruitt BA Jr: 1) Early Care and Resuscitation of Burn
Patients; 2) Colloids in Shock; 3) Care of the Burn Wound; 4)
Septic Complications of Burn Patients; 5) Pulmonary Complicat-
ions of Burn Injury. Anl Mtg of Soo of Critical Care Medicine,
San Antonio, TX 12-13 May 80.

Pruitt BA Jr: 1) Recent Advances in Burn Care; 2) Triage,
Transportation and Early Management of Burn Patients; 3) Resusci-
tation of Burn Patients. Am Burn Assoc .vuinar on Burn Manage-
ment, Baltimore, MD 16-17 May 80.

McManus WF: Management of Burns. Anl Mtg Texas Medical
Association, Houston, TX 17 May 80.

Pruitt BA Jr: 1) Management of Burns in the Multiple In-
jured Patient; 2) Resuscitation and Early Hemodynamic Changes
in the Burn Patient. U.S. Army Medical-Surgical Conference,
Garmich, West Germany. 20-21 May 80.

Terry J: Emergency Burn Care and Overview of Burn Nursing.
159th USAH Reserve Unit, BAMC Ft Sam Houston, TX 22 May 80.

MoManus WF: The Mission and Function of the Institute of
Surgical Research, North San Antonio Optimist Club, San Antonio,
TX 29 May 80.

It
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NursngSanAntonio, TZ 2 JunSO

Pruitt BA"Jrz Prob'ylaotio 1tifit'L ,vkirg
of Tex Oidioi denter, an mitotaio iT

Pruitt BA Jr:l I)Cha racteristios of Inhalation Injury,; 2)
Resuscitation Fluid Regimes~wti Livitatio~ a"d'Idot~.
Mtg Japan Society for Burn Injury. Skpoorot JaviiJ~ S

Terry J: Burn Nursing.. Braokenridg#. 8abool ot 6-i4
Austin, TX 23 Jun 80.

Terry J: Emergency Burn Care and, OVerVirev Of Bur!n Nursing.
Nursing students, Henderson County Juaj1or Colleg6, BAft 0 P'bot
San Houston,, TI 26 Jun 80.

Walters NJ: Burn Assessment and Managoent. BAWjC Interns
AMIC-82, Fort'Sam Houston, TX .23 Jun 80.

No~anus VF:. Treatment at Burns. Officers Basic COUVO.1
Academy at Health Sciences, Fort Sam Houston, TX 1 Ju1, 80.'

Terry J: Zmergency Burn Care and Overview of SBub Vtinog.,
337th Reserve Unit.. DA1C Ft Sam Houastona, TZ 7 ."1: 80.0

Walters NJ: ftergency N4anagement, of Burns*Eerete o
Residents BANO, Fort Sam Houston, TZ 10 Jul 80..

Terry J: swergency, Burn Care aid 3vaouatiobt. D~iviic of
twergenoy Nediolne, Tetx Departset'6 of Naltb, ftn,: 4t..a
Univ, 9dinburg, TZ 10 'Jul 80.

Turt N: Emergenoy NManagemel~t of Burns. Reeldeats Inter-
nal Nedicine Seriice, Fort Sam hOvuston, It% 12 Jul nee.

Terry JS Burn Care. physiciants Aspis16taats c3Apres
Aca6e0" orf 1"1th Sc1ea"e",Por frtj O bt*~ji, If 11, Al47 ft

Soisneso Fort SaM HoUston, 'kT 2 Jl

bast, waJ~s0
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Walters MJ: Complications of Burns. Intensive Care Nurse
Clinician Course students, BAMC Fort Sam Houston, TX 1 Aug 80.

Terry J: Nursing Care of the Thermally Injured. Intensive
Care Nurse Clinician Course students, BAMC Fort Sam Houston, TX
4 Aug 80.

Terry J: The Burn Patient. Social Service Brooke Army

Medical Center Fort Sam Houston, TX 6 Aug 80.

Terry J: Wound Care. Intensive Care Nurse Clinician
Course students, BAMC Fort Sam Houston, TX 7 Aug 80.

Allie J: Physical Therapy Management of Burns. Intensive
Care Nurse Clinician Course students, Fort Sam Houston, TX
11 Aug 80.

Mansour EH: Treatment of Burns. Officers Basic Course.
Academy of Health Sciences, Fort Sam Houston, TX 13 Aug 80.

Becker R: Nutritional Support of the Critically Ill. In-
tensive Care Nurse Clinician Course students, BAMC Fort Sam
Houston, TX 15 Aug 80.

Pruitt BA Jr: Current Treatment of the Extensively Burned
Patient. Grand Rounds. Forsyth Hospital, Winston-Salem, NC
19 Aug 80.

Terry J: Emergency Burn Care and Evacuation. Dept of Emer-
gency Medicine, Texas Dept of Health & A. Webb Roberts Center
for Continuing Education, Austin, TX 21 Aug 80.

Terry J: Emergency Burn Care. Clinic BAFB, Brooks Air
Force Base, TX 10 Sep 80.

Benitez H: Treatment of Burns. Officers Basic Course.
Academy of Health Sciences, Fort Sam Houston, TX 17 Sep 80.

McManus WF: Burn Wound Infection. The American Association
for the Surgery of Trauma Anl mtg. Phoenix, AZ 18 Sep 80.

McManus WF: Current Treatment of Thermal Injury. Nusselman
Surgical Symposium, University of Nebraska, Omaha, N2 19 Sep 80.

Henley NH: Pain and Suffering in Care of Burn Patients.
Hastings Center, Hastings on the Hudson, NY 26 Sep 80.

Pruitt BA Jr: Stress Management in Burn Patient Care.
Hastings Center. Hastings on the Hudson, NY 26 Sep 80.
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Pruitt BA Jr: 1) Initial Evaluation and Treatment of Burns;
2) Diagnosis and Treatment of Common Complications of Burn
Injury. American Medical Tennis Association, New Braunfels, TX
28 Sep 80.

Pruitt BA Jr: Recent Advances in Burn Care. Ani Claims
Managers Mtg. Argonaut Insurance Co., San Antonio, TX 1 Oct 80.

Pruitt BA Jr: Fluid Resuscitation of Burn Patients. NIH
Consensus Conf. Washington, D.C. 9 Oct 80.

Yurt RW: 1) Modern Burn Care; 2) Third Space Fluid Loss;
3) Nutrition and the Trauma Patient; and 4) Aeromedical Evacua-
tion. Trauma Symposium Baptist Medical Center, Jacksonville, FL
9-11 Oct 80.

Allie JC: Physical Therapy and the Burn Patient. 91J stu-
dints, Academy of Health Sciences, Fort Sam Houston, TX 14 Oct80.

Pruitt BA Jr: Moderator. Surgical Forum Session. American
College of Surgeons Anl Mtg. Atlanta, GA 22 Oct 80.

Benitez H: Treatment of Burns. Officers Basic Course.
Academy of Health Sciences, Fort Sam Houston, TX 27 Oct 80.

McManus 1F: Evacuation of the Burn Patient. 6th Cav of
Fort Hood, TX, BAMC Fort Sam Houston, TX 29 Oct 80.

Walters MJ: Burn Management. Medical Red Flag III, Scott
AFB, MO 28-30 Oct 80.

Maguire MS: Sports Medicine and the Role of the Physical
Therapist. Physical Therapy students at UTSA HSC, San Antonio,
TX 31 Oct 80.

The following presentations were made at Moorhead State
University, Moorhead, MN 8 Nov 80:

Mansour EH: Burn Management
Terry J: Emergency Burn Care and Evacuation
Maguire MS: Physical Therapy for Burn Patients

Strieper GE: Burn Nursing. Association of Surgical Tech-
nologists, San Antonio, TX 15 Nov 80.

The following presentations were made at the Trauma and
Disaster Symposium, Univ of Ohio, Columbus, OH 16 Nov 80:

Mansour EH: Burn Assessment and Early Management

Terry J: Nursing Care of the Burn Patient

Pruitt BA Jr: The Initial Evaluation and Treatment of
Burns. Anl Mtg Southern Medical Association, San Antonio, TX
16 Nov 80.

14.
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Terry J: Nursing Care o Thermally Injured. Midwest Re-
oruiting Command, Nurses at Univ of Wisconsin, Milwaukee 17 Nov
80; School of Nursing Elmhurst College, Elmhurst, IL 17 Nov 80;
Westeide VA Hospital, Chicago, IL 18 Nov 80; St. Xavier College

School of Nursing, Chicago, IL 19 Nov 80; DePaul Univ School of
Nursing, Chicago, IL 19 Nov 80; Marian College of Fond du Lao,
Fond du Lao, WI 21 Nov 80.

Terry J: Burn Nursing. BAMC Operating Room Nurses Course,
BAMC, Fort Sam Houston, TX 2 Dee 80.

Allie JC: Physical Therapy and the Burn Patient. Physical
Therapists from the Air Force. ISR Fort Sam Houston, TX 10 Dee
80.

Pruitt BA Jr: 1) Renal Complications of Burn Injury; 2)
Pulmonary Complications of Burn Injury; 3) Inhalation Injury;
4) Topical Antimicrobial Treatment of the Burn Wound; 5) Diagno-

sis and Treatment of Burn Wound Infection; 6) Unsolved Problems
and Needs in Burn Care. International Society for Burn Injuries
Seminar, Denver, CO 12 Dee 80.
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PUBLICATIONS

1. Aulick LH, Baze WB, MoLeod CO Jr et al: Control of blood
flow in a large surface wound. Ann Surg 191:249-258, Feb
80.

2. Becker RA, Vaughan GM, Goodwin CW Jr et al: Plasma nor-
epinephrine, epinephrine, and thyroid hormone interactions
in severely burred patients. Arch Surg 115:439-443, Apr 80.

3. Pruitt BA Jr, McManus WF, Kim SH et al: Diagnosis.and
treatment of cannula-related intravenous sepsis in burn
patients. Ann Surg 191:546-554, May 80.

4. Langlinais MS, Myers WD, Merrill RH: Scanning electron
microscopic observations on glomeruli. Arch Pathol Lab Ned
104:308-312, Jun 80.

5. Powanda MC, Villarreal Y, Rodriguez E et al: Redistribution
of zinc within burned and burned infected rats. Proc Soc
for Exp Bio & Med 163:296-301, 1980.

6. Treat RC, Sirinek KR, Levine BA et al: Air evacuation of
thermally injured patients: Principles of treatment and
results. J Trauma 20:275-279, Apr 80

7. Levine BA, Sirinek KR and Pruitt BA Jr: Cimetidine prevents
gastrointestinal edema associated with stress. J Trauma 20:
464-467, Jun 80.

8. McManus AT, Moody EE and Mason AD Jr: Bacterial motility:
A component in experimental Pseudomonas aeruginosa burn
wound sepsis. Burns 6:235-239, Jun 80.

9. Vilmore DW, Goodwin CW, Aulick LH et al: Effect of injury
and infection on visceral metabolism and circulation. Ann
Surg 192:491-504, Oct 80.

10. Becker RA, Vilmore DW, Goodwin CV Jr: Free T4 , Free T, and
reverse T in critidally ill, thermally injured patients.
J Trauma 20:713-721, Sep 80.

11. Mason AD Jr: The mathematics of resuscitation: 1980 presi-
dential address, American Burn Association. J Trauma
20:1015-1020, Dec 80.

12. Powanda MC: Host metabolic alterations during inflammatory
stress as related to nutritional status. Amer J Veterinary
Rs 41:1905-1911, Nov 80.
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Table 1. Source of Admission, 1980

Area A AD AF AFD N ND VAB Other TO"AL

Ist Army 4 0 0 0 0 0 3 0 7

3rd Army 1 4 2 4 2 0 4 16 33

5th Army 11 18 3 7 4 2 21 86 152

6th Army 2 1 2 1 0 0 0 2 1

Germany 3 0 3 1 2 0 0 0 9

Korea 1 1 0 0 0 0 0 0 2

Turkey 0 0 1 0 0 0 0 0 1

Okinawa 0 0 0 1 0 0 0 0 1

Hawaii 0 0 0 0 3 1 1 2 7

Japan 0 0 0 0 14 0 0 0 14

Panama 1 0 0 0 0 0 0 0 1

Mexico 0 0 0 0 0 1 1 1 3

Argentina 0 0 0 0 0 0 0 3 3

Puerto Rico 0 0 0 0 0 0 0 1 1

23 24 11 14 25. 4 30 111 242

A - Army N - Navy, Marine Corps & US Coast Guard
AF - Air Force VAB - Veterans Administration Beneficiary
D - Dependent
Other: Civilian Emergency

US Public Health Service Beneficiary
Bureau of Employees Compensation Beneficiary

17
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Table 5. Survival and Death-by Year for Patients
VithE*tehsIve*8ams, 1 ,61280

Survivors (burns o'er 30%) Deaths
Year No. Avere I Burn No. Average % Burn.

Cases Total 1 Cases Totel Y IJ

1958 15 42.3 210-6 23 56.5 35.3

1959 29 43.1 20.6 24 63.1 38.1

1960 17 44.2 20.1 30 57.8 37.3

1961 18 44.2 25.0 31 58.0 39.7

1962 18 42.7 21.4 54 59.1 46.2

1963 28 45.8 19.6 57 69.0 41.0

1964 40 41.8 14.8 37 65.0 42.4

1965 47 43.8 21.0 33 66.0 33.4

1966 68 41.5 14.9 59 59.9 31.3

1967 103 42.7 13.3 51 59.9 32.3

1968 143 44.2 12.6 38 54.6 24.6

1969 113 43.2 11.1 70 58.7 26.4

1970 92 39.4 10.7 70 51.9 32.6

1971 63 41.9 14.0 68 60.8 38.0

1972 62 42.0 17.2 103 56.7 35.9

1973 47 43.7 19.6 113 60.3 36.2

1974 55 43.9 12.2 97 60.8 35.9

1975 80 46.1 14.7 94 61.3 32.8

1976 69 45.5 15.0 79 -64.2 31.1

1977 66 42.2 14.4 70 56.9 29.0

1978 67 45.7 14.8 69 55.2 33.0

1979 61 45.4 13.4 74 65.0 37.0

1980 62 42.7 15.1 66 64.3 41.8

I " I I II I
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ANNUAL PROGRESS REPORT

PROJECT NO. 3S162772A874-00, APPLIED RESEARCH

REPORT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
BURNED SOLDIERS--ANESTHESIOLOGY

US ARMY INSTITUTE OF SURGICAL RESEARCH
BROOKE ARMY MEDICAL CENTER

FORT SAM HOUSTON, TEXAS 78234

1 January 1980 - 31 December 1980

Investigator:

Anton J. Jirka, MD, MPH, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

Unclassified
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ABSTRACT

PROJECT NO. 3S162772A874-00, APPLIED RESEARCH

REPORT TITLE: CLINICAL OPERATION, CENTER FOR TREATMENT OF
BURNED SOLDIERS--ANESTHESIOLOGY

US Army Institute of Surgical Research, Brooke Army Medical
Center, Fort Sam Houston, Texas 78234

Period covered in this report: I January 1980 - 31
December 1980

*Investigator: Anton J. Jirka, MD, MPH, Colonel, MC

Reports Control Symbol MEDDH-288(R1)

In the period covered in this report, 531 anesthetics
were administered to 148 patients, an average of 3.59 anes-
thetics per patient. This is the second largest number of
anesthetics administered at ISR since 1972. The most com-
monly used anesthetic agent was Ethraneh (47.46%), followed
by ketamine (34.46$), and nitrous oxide (13.37%). Due to
the nature and combinations of procedures now performed,
regional anesthesia is seldom used. An automatic oscillo-
metric blood pressure monitor is presently used on all
patients.

Anesthesia..
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I

ANESTHESIOLOGY

PREOPERATIVE EVALUATION

Most burn patients are several days postinjury when

first seen by the anesthesiologist. In the immediate postburn
period, the time is used to gain abundant physiologic data from
routine monitoring of various indices: hematologic (hematocrit,
electrolytes, liver and renal function tests), pulmonary
(arterial blood gases, respiratory rate, daily chest
roentgenograms), cardiovascular (blood pressure, central venous
pressure, cardiac index measured by use of Swan-Ganz catheters),
and renal (urine output, urine chemistry), in addition to the
usual preoperative patient interview and physical examination.

All patients, regardless of age, who have electrical injur-
ies have a preoperative electrocardiogram performed to rule out
possible myocardial damage.

PREOPERATIVE PREPARATION

All patients are kept NPO after 2400 the day prior to
surgery with the exception of children, who may receive clear
liquids up to five hours prior to surgery.

Due to extraordinary fluid requirements in most burned
patients, an intravenous infusion, if not already in place, is
begun the evening prior to surgery.

PREMEDICATION

Glycopyrrolate (RobinulR) 0.005 mg/kg to a maximem dose of
.4 mg, is given intramuscularly as premedication 30 minutes prior
to anesthesia. Narcotic premedication is no longer routinely used.

FLUIDS

All fluids except hyperalimentation solutions are changed
to D5RL or RL on arrival in the operating room. Hyperalimentation
solutions are continued throughout operative procedures.

TYPES OF ANESTHESIA

The pattern of anesthetic administration has changed from
previous years and involves a greater use of enflurane'and
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ketamine and a lesser use of halothane and regional anesthesia.
The reasons for this change will be discussed under individual
agent headings. (Table 1)

TABLE 1. PRIMARY AGENTS

AGENT 1979 1980

NUMBER Z NUMBER %

ENFLURANE 324 58.59 252 47.46

KETAMINE 143 25.86 183 34.46

HALOTHANE 18 3.25 10 1.88

N2 0  38 6.87 71 13.37

LOCAL 29 5.24 15 2.82

OTHER 1 0.18 0 0

1. Enflurane (Ethrane)

Enflurane is a halogenated ether which has been commercially
available for approximately the past seven years. It has a rapid
induction with good muscle relaxation. Biotransformation amounts
to less than 2% of an inhaled dose, a fact which perhaps accounts
for the few clinical toxic effects observed in spite of the fact
that increased plasma fluoride ion concentrations have been
observed after administration to patients taking hepatic enzyme
inducing drugs. Plasma fluoride levels in hypermetabolic burn
patients during and after Ethrane administration have been
measured and found not to be in the toxic range. Enflurane is
presently the most commonly used anesthetic agent at the USAISR.

2. HalothaneR (Fluothane)

The use of halothane is avoided mostly for less than rational
reasons related to descriptions of probable hepatotoxicity (inci-
dence 0.7 per 1000) in the literature. Previous studies at the
Institute of Surgical Research show its repeated use to be safe
in the thermally injured patient, and the National Halothane
Study showed halothane to be the anesthetic with the best over-
-all mortality rate. It is a smooth anesthetic, unsurpassed as
an agent for pediatric patients. This anesthetic is mainly used
now for asthmatics, patients with digitalis toxicity, and
children. Its use has decreased as favor ketamine in the
young age group.
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3. Nitrous Oxide

This agent is used in concentrations of.50% or 60% with
oxygen. It is used mainly in conjunction with other analgesic or
anesthetic agents. Suocinyloholine has not been used for any
purpose in this unit for more than six years.

4. Ketamine

This agent is used both IN and IV to produce its oharaoteris-
tic dissociative state, with preservation of basal functions
(breathing) and laryngeal reflexes plus stimulation of the
cardiovascular system.

Unfortunately, ketamine shares with its parent compound,
phencyclidine, the production of a high incidence of unpleasant
hallucinogenic side effects. There seems to have been a *batch*
difference in ketamine, and that possessed by ISR in the past
had an almost 100% incidence of these effects. New methods of
administering the drug, as well as various methods of premedica-
tion and patient preparation, appear to have reduced the unpleas-
ant emergence reactions to a level where they are of little con-
sideration in the well selected patient. Laryngospasm, airway
obstruction and regurgitation can occur with ketamine. Pronoun-
ced blepharospasm prevents its use in eye cases. All ketamine
anesthetics, other than in children, are preceded by IV
droperidol (0.15 mg/kg) or diazepam (0.15-0.2 mg/kg).

5. Subanesthetia Ketamine

Subanesthetic ketamine (single dose 1.5-2 mg/kg IN) has not
been used during this reporting period except for dressing
changes where it is the anesthetic of choice. Tolerance to
ketamine has been noted in several patients after repeated
(greater than five) ketamine anesthetics. Ketamine is no longer
used for Hubbard tank procedures. Although of limited value,
sedation and narcotic analgesia, administered under direction of
the surgical staff, have replaced ketamine for this use.

6. Regional Anesthesia

Regional anesthesia is generally considered one of the safest
methods available, but its use in the thermally injured patient
is limited for several reasons: sepsis and infection of the skin
over or near the site of injection are contraindications for use,
and multiple-site operations also limit the practicality of this
method. Axillary block is the most common regional technique
used at USAISR. However the tendency toward multiple procedures
has decreased the usefulness of this technique.
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MONITORING TECHNIQUES

A. CIRCULATION

1. Precordial and/or esophageal stethosoope

2. Peripheral pulse

3. Blood pressure. Dirqct arterial lines have been used
when necessary. The Dinamapn blood pressure instrument is rou-
tinely used for intraoperative blood pressure monitoring. Since
it can be used over dressings and is noninvasive, it is a most
practical method of monitoring blood pressure in our patient
population.

4. CVP

5. Swan'Ganz catheter

6. ECG

7. Sponge weight - rarely used

8. Urine output

B. RESPIRATION

1. Rate

2. Auscultation

3. Arterial blood gases

C. TEMPERATURE

In most cases a temperature monitor is employed. Because of
the greatly increased evaporative heat losses in burn patients,
hypothermia is a serious problem. Several methods are employed
to maintain body temperature during anesthesia:

1. Ambient temperature is maintained at 82-870 F. This is
probably the most important method to reduce heat loss.

2. The anesthetic gases may be heated and humidified.

3. A circle system which allows partial rebreathing of warm
expired gases may be used to minimize heat loss. A Bain Cirouite
which achieves the same purpose is used in children.
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4. Radiant heat lamps

5. The K-thermia heating blanket can also be used. It is
probably used most effectively on children weighing less than
10 kS and for cooling febrile patients.

COMPLICATIONS

There was one intraoperative death during 1980. It occurred
during arteriography in a 24 year old ale. An autopsy was
refused and the cause of death was not deterained. This to the
first intraoperative death at ISR since 1970.

PATIENT DATA AND OPERATIVE PROCEDURES

The following two tables Illustrate overall anesthetic patient
data for the years 1970 through 1980 (Table 2) and recent trends
in operative procedures (Table 3).
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ABSTRACT

PROJECT NO. 3S162772A874-00, APPLIED RESEARCH

REPORT TITLE: THE CARDIOPULMONARY RESPONSE TO THERMAL INJURY
IN BURNED SOLDIERS - UNDERESTIMATION OF THERMAL
LUNG WATER VOLUME IN HIGH CARDIAC OUTPUT PATIENTS

US Army Institute of Surgical Research, Brooke Army Medical
Center, Fort Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September
1981

Investigators: Cleon W. Goodwin, Jr., M.D.
Basil A. Pruitt, Jr., M.D., Colonel, MC

Reports Control Symbol MEDDH-288(R1)

When utilizing the intravascular double indicator
dilution technique to measure extravascular lung water, blood
flow may be so high that diffusion equilibrium of the diffusible
indicator fails to occur and the water distribution space is
underestimated during the first seven days following thermal
injury. We serially measured cardiac index and lung water in
five severely burned patients (mean age 24 years, range 18 to 33
years; mean burn size 56% TBS, range 43 to 80%) by a rebreathing
method utilizing two gases of differing solubility and by the
thermal-indocyanine green dye (ICG) double indicator dilution
technique. Rebreathing lung water, determined by a time and
blood flow insensitive method, increased significantly over the
study period, from 6.6 ml/kg on admission to 11.3 ml/kg on post-
burn day 6 (.70%, p < 0.01). Thermal-ICG lung water slightly
decreased as blood flow rose. Rebreathing lung water correlated
with clinical data in a patient with pulmonary edema, while
thermal-ICG technique may be diffusion limited by short transit
times at the high flows characteristic of burned and other criti-
cally ill patients with hyperdynami circulations. Additionally,

*. segmental redistribution of pulmonary blood flow known to occur
in burn patients may contribute to underestimation of lung water.

Lung water
Cardiac output
Resuscitation
Pulmonary edema
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THE CARDIOPULMONARY RESPONSE TO THERMAL INJURY
IN BURNED SOLDIERS - UNDERESTIMATION OF THERMAL

LUNG WATER VOLUME IN HIGH CARDIAC OUTPUT PATIENTS

Following massive thermal injury, the lung participates
in the pathophysiological response associated with large
plasma volume loss and administration of large resuscitation
volumes, i.e., the formation of tissue edema in the area of
injury and probably in noninjured tissues (1). Pulmonary
injury is frequently associated with large cutaneous burns, up
to 25% of patients admitted to our treatment facility (2-4),
accentuates the fluid requirements during resuscitation, and
predisposes to the development of acute pulmonary edema during
the first postburn week (5, 6). Occasionally, early pulmonary
edema with coexisting inhalation injury or preexisting car-
diovascular disease occurs when peripheral edema in the burn
wound is rapidly mobilized. Because most pulmonary dysfunc-
tion during the early phase of burn injury results either
directly or indirectly from abnormal distribution and accumu-
lation of lung tissue water, the ability to measure extra-
vascular lung water (EVLW) serially not only would help
elucidate the magnitude and direction of acute fluid shifts
and the effects of hypoproteinemia but also would help identify
the optimal volume and composition of the resuscitation fluid.
Several preliminary studies of diverse groups of burned
patients have indicated that passive lung water changes are
related to coexisting pulmonary injury or sepsis and are not
directly dependent on plasma oncotic forces (7-9). Furthermore,
the addition of colloid to balanced electrolyte solutions

1. Arturson G: Pathophysiological aspects of the burn
syndrome. Acta Chir Scand (supp 1) 274:1-135, 1961

2. DiVincenti FC, Pruitt BA, Reckler JM: Inhalation
injuries. J Trauma 11: 109-17, 1971

3. Pruitt BA, Flemma RJ, DiVincenti FC, Foley FD, Mason AD:
Pulmonary complications in burn patients. J Thorac Cardiovasc
Surg 59: 7-18, 1970

4. Pruitt BA, Erickson DR, Morris A: Progressive pulmonary
insufficiency and other pulmonary complications of thermal
injury. J Trauma 15: 369-79, 1975

5. Pruitt BA, DiVincenti FC, Mason AD, Foley FD, Flemma RJ.
The occurrence and significance of pneumonia and other pulmonary
complications in burned patients: comparison of conventional
and topical treatments. J Trauma 10: 519-531, 1970

6. Pruitt BA: Advances in fluid therapy and the early care
of the burn patient. World J Surg 2: 139-50, 1978

7. Lam V, Goodwin CW, Treat RC, Martin DL# Mason AD,
Pruitt BA: Does pulmonary extravascular water vary with colloid
oncotic pressure after burn injury? Am Rev Respir Dis 119:
139, 1979

8. Morgan A, Knight D, O'Connor N: Lung water changes
after thermal burns. Ann Surg 187: 289-293, 1978

9. Tranbaugh RF, Lewis FR, Christensen J, Slings VB: Lung
water changes after thermal injury. Ann Surg 192: 479-90, 1980
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during resuscitation to maintain normal plasma oncotic pressures does not
appear to limit the accumulations of excess lung water and may, in fact,
produce the opposite effect (10, 11).

Chinard and co-workers laid the theoretical basis and introduced the first
practical method for the in vivo measurement of extravascular lung water
(12-15). In principle, foTlow-ig bolus injection of a solution containing a
nondiffusing intravascular tracer (e.g., labelled red blood cells) and a diffusible
water tracer (e.g., THO) into the arterial inflow of the lungs, the venous concen-
tration-time curves of the tracers reflect the individual distribution spaces of the
two tracers. The volume of each distribution space is equal to the flow through
the lungs and the mean transit time of each tracer. Since flow for both tracers
is equal, the extravascular volume can be calculated as the product of flow times
the difference between mean transit time for the water space (which is composed
of both intravascular and extravascular pools) and the mean transit time for the
intravascular pool. This volume, in theory, represents EVLW. The initial
animal studies were extended to human studies, and the results roughly paralleled
clinical findings in various disease states, establishing the utility of this method
for use in patients (16,17).

The use of an isotope of water as the water tracer has been found to under-
estimate EVLW, especially when used in the presence of lung edema, because of
the lack of equilibrium of such tracers with all tissue water within one passage
through the lung. The use of a thermal indicator with in-stream thermistor tipped
catheters has been shown by concomitant gravimetric analysis to measure EVLW

10. Goodwin CW, Lam V, Mason AD, Pruitt BA: Colloid and crystalloid resus-
citation have same effect on lung water after thermal injury. Surg Forum 32:
294-7, 1981

11. Goodwin CW, Long JW, Mason AD, Pruitt BA: Paradoxical effect of hyper-
oncotic albumin in acutely burned children. J Trauma 21: 63-5, 1981

12. Chinard FP, Enns T: Transcapillary put.nonary exchange of water in the
dog. Am J Physiol 178: 197-202, 1954

13. Chinard FP, Enns T: Relative rates of passage of deuterium and tritium
oxides across capillary walls in the dog. Am J Physiol 178: 203-5, 1954

14. Chinard FP, Enns T, Noland MF: Pulmonary extravascular water volumes
from transit time and slope data. J Appl Physiul 17: 179-183, 1962

15. Enns T, Chinard FP: Relative rates of passage of H1H3016 and of H
1 018

*across pulmonary capillary vessels in the dog. Am J Physiol 185: 133-6, 1995
16. Gump FE, Mashima Y, Jorgensen S, Kinney JM: Simulatnaeous use of

three indicators to evaluate pulmonary capillary damage in man. Surgery 70:
262-9, 1971

17. Ramsey LH, Puckett W, Jose A, Lacy WW: Pericapillary gas and water
distribution volumes of the lung calculated from multiple indicator dilution curves.
Circ Res 15: 275-86, 1964
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more accurately (18-20). More recently, a portab,- bedside microprocessor
has been developed and extensively utilized, which allows rapid calculation
of EVLW and cardiac output (21). Postmortem estimation of lung water was in
good agreement with antemortem EVLW measurements in animal studies, and
similar measurements in patients are reported to correlate with their clinical
conditions.

Lung water can also be measured by a rebreathing method utilizing two
gases of differing solubility. Tissue volume determinations have been shown
to reflect lung water changes (with reliability) in animals with normal and
edematous lungs (22). The theoretical basis and orginial breath-holding
technique were described by Cander and Forster (23). Subsequent modifi-
cations to allow rebreathing of the tracer gases facilitate clinical application of
this technique (24). When a soluble gas is inspired into the lungs, equili-
bration between the alveolar gas and the surrounding lung tissue volume occurs
within approximately 10 milliseconds. The dissolution of soluble gas into the'
lung tissue volume results in an initial fall in gas concentration, and its
magnitude is a direct function of the tissue solubility of the gas and the volume
of lung tissue. In the subsequent 15 to 20 seconds, the concentration of soluble
gas in the alveoli decreases exponentially as it equilibrates with, and is
transported away by, the pulmonary capillary circulation. By obtaining
serial alveolar gas samples, a disappearance curve can be constructed, and
when plotted semilogarithmically, the intercept and slope reflect lung tissue
volume and pulmonary capillary blood flow, respectively.

The principle advantage of the rebreathing method.is that it is noninvasive.
In addition, with suitable gases, additional physiologic indices of pulmonary
function can be calculated from the gas measurements. However, the

18. Anderson WP, Dunegan U. Knight DC, Fitzpatrick GF, O'Connor NE,
Morgan AP: Rapid estimation ef pulmonary extravascular water with an instream
catheter. J Appi Physiol 39: 843-5, 1975

19. Gee MH, Miller PD, Stage AF, Danchero N: Estimation of pulmonary
extravascular fluid volume by use of thermodilution. Fed Proc. 30: 379Abs, 1971-

20. Noble WH, Severinghaus JW: Thermal and conductivity dilution curves
for rapid quantitation of pulmonary edema. J Appi Physiol 31: 770-5, 1972

21. Lew FR, Elings VB, Sturm JA: Bedside measurement of lung water. J
Surg Res 17: 250-61, 1979

22. Peterson BT, Petrini MF, Hyde RW, Schreiner BF: Pulmonary tissue
volume in dogs during pulmonary edema. J Appl Physiol 44: 782-95, 1978

23. Cander L, Forster RE: Determinationof pulmonary parenchymal tissue
volume and pulmonary capillary blood flow in man. J Appl Physiol 14: 541-551,
1959

24. Petrini MF, Peterson BT, Hyde RW: Lung tissue volume and blood flow
by rebreathing: theory. J Appl Physiol 44: 795-802, 1978
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rebreathing method requires very expensive equipment, complicated data
reduction, and, in our hands, alert and spontaneously breathing patients.
Although the Intravascular double indicator dilution method requires access
both to the pulmonary artery and to a systemic artery, current hardware
allows sterile sampling without loss of blood from the patient (21). In
addition, serial measurements are quite easy to perform in all patients,
incli"ting those being treated with mechanical ventilators. This study evaluates
the utility of these two independent methods for quantification of EVLW and
defines the limtitations of each in patients with massive thermal injuries.

MATERIAL AND METHODS

Subjects. Five thermally injured patients who required hemodynamic
monitoring with pulmonary arterial and systemic arterial catheters were
serially studied after obtaining informed consent for participation in a research
protocol approved by institutional review (Table 1). All were admitted within
12 hours of injury; their mean age was 24 years (range 18 to 33 years) and mean
burn size, 56% of the total body surface (range 43% to 80%). During the first 24
hours, the patients received lactated Ringer's solution at a rate sufficient to
stabilize vital signs and to achieve a urinary output of 30 to 60 ml per hour.
Utilizing these guidelines, the mean resuscitation volume in the 24 hours after
injury was 3.45 mI/kg body weight/percent body surface burn (range 2.80 to
4.36 mI/kg % burn). Plasma volume was replaced on the second postburn day
by colloid equivalent to plasma in a dosage of 0.3 to 0.5 ml/kg body weight/
percent body surface burn. Following the initial 24-hour resuscitative phase,
5% dextrose in water was administered at a rate which allowed the patient's
weight to return to preburn levels by postburn day 7 to 10 and which maintained
serum sodium and osmolal concentrations in the normal range. No patients had
accompanying inhalation injury or other pulmonary disease based on clinical
evaluation and en normal xenon ventilation-perfusion lung scan, fiberoptic
bronchoscopy, chest roentgenogram, and arterial blood gases. None of the
patients developed positive blood cultures or demonstrated microbiological or
clinical evidence of pulmonary infection during the seven days of the study.
An additional patient, who sustained an inhalation injury and subsequently
developed early pulmonary edema, was studied under a separate protocol and
is discussed to illustrate water changes in injured lungs.

StudX sigr. Studies were carried out every 12 hours (0600 and 1800
hours) for the first three postburn days and daily (0600 hours) on postburn
days 5, 6. and 7. Patients were studied in a semi-recumbent position to which
they had acclimated for several hours prior to study. EVLW was measured by
two independent methods: a rebreathing method utilizing two gases of differing
solubility and an intravascular double indicator dilution technique. The order
in which the two methods were employed was randomized for each study.
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Rebreathing lung water. The distribution of each test gas (helium and
dimethyl ether, DME) was measured by a time of flight medical mass spectro-
meter (MGA 1100A, Perkin-Elmer Corp.). Modifications to the mass spectro-
meter include a heated stainless steel capillary inlet and appropriate mass
plates (helium=4 and DEM=15). At a gas sampling rate of 60 ml per minute,
the inlet system introduced a sampling time delay of approximately 300 ms.
Response time (95 percent) of the mass spectrometer was 60 ms. A bag-in-box
with a 16 inch spring-loaded gas impermeable low compliance reservoir bag
(Calibrated Instruments, Inc.) was connected with large bore tubing to a
previously calibrated data acquisition dry spirometer (843, Ohio Instrument Co.)
for a volume signal output. A three-way pulmonary breathing valve (Hans
Rudolph, Inc.) with a mouthpiece selects room air or the rebreathing bag. A
fiberoptic recorder (1858, Honeywell, Inc.) with a frequency response of 5000 hz
recorded the electrical output of the helium, dimethyl ether, and bag volume
signals. The initial bag volume was adjusted with the test gas mixture of 1. 5%
DME, 7% helium, 30% oxygen, and balance nitrogen to approximate the one second
forced expiratory volume (three liters). The subject with nose clip in place was
asked to breathe quietly through the mouthpiece. He was then instructed to exhale
to residual volume, the valve turned into the rebreathing bag, and verbally
directed consecutive maximal rebreathing maneuvers were carried out for 15 to 20
seconds.

The signal tracings and calibration standards were digitized off-line from the
photographic paper onto a mini-computer (9830, Hewlett Packard, Inc.), which
corrected the raw data for time of passage of gases through the sampling system
for gas consumption by the mass spectrometer (60 mI/min), and for anatomic and
apparatus dead space in the first end-expiratory volume cycle. The disappearance
of the soluble gas, DME, is plotted on semilogarithmic paper so that its slope
(pulmonary capillary blood flow) and its time zero intercept (tissue volume) can
be calculated. To detect tracer gas recirculation, which is indicated by a
decrease in the logarithmic washout slope, serial least squares lines were calcu-
latez through at least three of the first six rebreathing points and the time zero
intercept. The line yielding the best squared correlation coefficient was chosen
for subsequent calculations. Calculated values include lung tissue volume (lung
water), residual lung volume, alveolar volume, pulmonary capillary blood flow
(cardiac output), and rebreathing dead space (24). Rebreathing lung water
results are expressed as mi/kg of preburn weight. All measurements were made
in duplicate. Intervals of at least five minutes between each study were observed
to allow exhalation of any soluble gas that may have accumulated in the body.

Thermal ICG lung water. Ten ml of iced 5% dextrose solution containing 10
mg of indocyanine green (ICC, Hynson, Westcott, and Dunning, Inc., lot #386)
were injected by a CO gas injector (37200, USCI Cardiology Products, Inc.)
through the proximal ort of the pulmonary artery catheter into the right atrium.
ICG concentration was measured by sterilely withdrawing blood through the
thermistor-tipped femoral artery catheter (96-020-5F, Edwards Laboratories, Inc.)
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and a disposable cuvette (9602, Edwards Laboratories, Inc.) connected to an
ICG densitometer (DCR-702, Waters Instruments, Inc.). At the completion of
each measurement, the withdrawn blood was reinfused into the patient. The

ICG and the femoral artery thermal signal were detected and digitized auto-
matically by a portable microprocessor (9310, Edwards Laboratories, Inc.).
Extravascular lung water is calculated as the product of thermal dilution
cardiac output and the difference in mean transit times of the thermal and ICG
curves. Five consecutive lung water measurements were recorded at each
study period, and their me.an was expressed in ml/kg of preburn weight.

Statistical analysis. A one-way analysis of variance was used to examine
serial changes within each technique group. A two-way analysis of variance
was utilized to detect differences between the two technique groups. Statistical
differences with p<0.05 were accepted as significant. Values are reported as
mean - standard error.

RESULTS

Table 2 summarizes the changes during the seven day study in rebreathing
lung water, thermal-ICG lung water, cardiac index, and the mean transit times
for the ICG and thermal indicators. Lung water measured by the rebreathing
technique increased significantly by completion of the study, with a maximal
increase of +70 percent on postburn day six (F=3. 55, p 0.01) (Fig. 1).

Lung water measured by the thermal-green dye technique decreased slightly
by postburn day seven (-20%), but this change was not statistically significant
(F=1. 498, p>0.05). The two technique groups were statistically distinct from
one another (F=35. 6. p<0.001) ; however, since each method measures a
physically different distribution property, the statistical comparison of the
results of each method with the other may be artificial.

Cardiac index rose progressively in all patients as postburn hyper-
metabolism developed during the first postburn week (F=8. 927, p< 0.001).
The rising flow was reflected by shortening of the mean transit time of the
intravascular ICG and diffusible thermal indicators.

The use of a gas syringe injector for the bolus injection of the chilled ICG
solution produced the most uniformly reproducible results. Using this technique,
the coefficients of variation for computing extravascular lung water was 9.8%, for
cardiac output, 7.9%, for ICG mean transit time, 4.9%; and for thermal mean
transit time, 6.6%. Hand injections produced large variations in indicator mean
transit times during serial measurements but resulted in minimal variability in
the computed cardiac outputs and lung water determinations.

In a patient who sustained inhalation injury (not included with the data of the
study patients), lung waters measured by each method changed in opposite
directions during an episode of fluid overload and acute pulmonary edema in the
presence of an elevated cardiac output (Fig. 2). When pulmonary edema became
clinically evident, lung water determined by the thermal-ICG technique decreased,
while that measured by the rebreathing method increased. These changes were
paralleled by a moderate increase in pulmonary shunt and roentgenographic

47

.1



* mto in

ao 00 40 mO *
+1 + I

inl

w-4 . Cto C; T

+ 41 +1 + I

n %V in mAN in

toD *wD - MO MO #
+1 +1 + 1 +1 +1 I

torn a o%0 4 04" % N.
zo L!

an 0 comw- 4O MO 0 n+1 +1 +1 +1 +1

n N- I, - r. IN+
I4 A#0 PO NO MO ifl m 0 4

c +1 +1 +1 +1 +1

w-O tl qSr 'n 'n4 so I

+1 +1 +1 

an in f- 00 w N 0
In * -f inS son A s m00 4D in

u+1 +1 +1 +1 +1

+1 +m 1 +1 +1

inm Mt44m N S

In M~. t40~ *M n-

+1 +1 + +1 +1

.... - ~~. - . ..4 . . . : :. . . . . . . _ .. .. ,: . , .. . : , ,

L ...-- .. L:.z .' ' . --.. . .- i0 ... ...-..... I'" " ' ' " ; " ' '



40

I 49



-. Y

1C4Jfl O.L7

momo

O~fltMO m .

r' C

C C

mim

C L

203
0-c -

U

OC 0

00

-- I,-.



evidence of pulmonary fluid overload. With fluid restriction and diuretics,
all measurements changed.in the opposite direction: thermal-ICC lung water
increased, rebreathing lung water decreased, pulmonary shunting lessened,
and the chest roentgenogram cleared.

DISCUSSION

During the initial week following large thermal injuries,. EVLW determined.
by a well-standardized rebreathing method increased significantly in our
patients. This increase in lung water was modest during the first three post-
burn days, a period when Intravascular volume deficits were being corrected
and injured tissue accumulated large volumes of edema fluid. During the sub-
sequent four days, the increase in EVLW became much more pronounced and
was associated in time with decreased fluid requirements and mobilization of
the massive quantity of burn wound edema. By contrast, EVLW as measured by
the intravascular double indicator dilution technique (thermal-ICG) did not
change significantly during the seven day study period and, if anything.
demonstrated a tendency to decrease during that interval. In large reported
series, clinical pulmonary edema in the early postburn period occurs most
frequently between the third and seventh postburn days (4,5) and this pattern
corresponds with the period of greatest lung water accumulation detected by the
rebreathing technique in our patients, who had no evidence of acute pulmonary
injury. In an additional patient with inhalation injury (not included in the main
study group) who was evaluated by both measurement techniques, the clinical,
physiologic, and roentgenographic evidence of pulmonary edema correlated
directly with the rebreathing lung water and inversely with that determined by
the intravascular method. The greatest divergence of the two techniques
occurred during the latter half of the study interval, when cardiac output was
markedly elevated and mean transit times for the indicators quite shortened.
These physiologic conditions may impose limitations on the intravascular method
when utilized in patients with hyperdynamic circulations.

The validity of the rebreathing method for estimating lung water deserves
careful examination. Strictly speaking, the volume in which the soluble gas
tracer distributes during breathing measures lung tissue volume, not water
volume, which can be truly measured only with water as the tracer molecule.
However, water comprises over 80 percent of the lung tissue volume (23). and
thus the majority of the tissue volume measurement reflects lung water content.
More importantly, during serial studies over several days, the solid tissue
structures of the lung can be assumed to remain constant, and any changes in
measured lung tissue volume likely represents change in that organ's water
content. For this reason, this technique has been proposed as an effective:
method for noninvasively monitoring lung water changes during certain acute
diseases and following therapeutic interventions.

The accuracy of measurements of lung tissue volume as a reliable Indicalar
of water content has been verified in animal studies. •Gravimetrtc analysis f
lung water correlates closely with rebreathing measurements until lung weight
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increases in excess of 250 percent of control values (22,25-28). Beyond this
point, alveolar flooding occurs, with massive obliteration of alveolar air
spaces and restriction of soluble gas distribution (29). The validity of tissue
volume measurements for detecting lung water in humans is more difficult to
verify, since gravimetric analysis of lungs obtained long after death probably
do not accurately reflect in vivo circumstances. Increased lung tissue volume
has been documented in paients with clinical pulmonary edema (30), and it is
likely that the rebreathing method is as valid in humans as it is in animal
models (31).

The major criticism of the rebreathing method is that it measures not only
the water in the pulmonary interstitial tissues but also that in the capillaries.
In our study, we did not independently measure pulmonary capillary blood
volume, as can be done while determining carbon monoxide diffusing capacity
(32). However, we can indirectly assess the contribution of pulmonary capillary
blood volume to the estimates of lung water in our patients. Central blood
volume can be calculated from the cardiac outputs and the mean transit times
of the intravascular indicator. In our patients, the increase in central blood
volume from the time of intravascular volume restitution (postburn day three)
to time of maximal lung water (postburn day six), at most, can account for 50
percent of the approximately 375 ml mean increase in lung water of each patient.
However, central blood volume includes all the blood between the tip of the
injection catheter and the densitometer, not only the pulmonary capillary blood
volume, but that in the right ventricle, pulmonary arteries and veins, left side
of the heart, and aorta. Pulmonary vascular volume is slightly smaller than

25. Friedman M, Kaufman SH, Wilkins SA: Analysis of rebreathing
measurements of pulmonary tissue volume in pulmonary edema. J Appi
Physiol 48:66-71. 1980

26. Glauser FL, Wilson AF, Carothers L, Higi J, White D, Davis J:
Pulmonary parenchymal tissue volume measurements in graded degrees of pulmonary
edema in dogs. Circ Res 36: 229-35. 1975

27. Glauser FL, Wilson AF, Hoshiko M, Watanabe M. Davis J: Pulmonary
parenchymal tissue (Vt) changes in pulmonary edema. J Appi Physiol 36:
648-52, 1974

28. Sackner MA, Greeneltch D, Heiman MS. Epstein S, Atkins N: Diffusing
capacity, membrane diffusing capacity, capillary blood volume, pulmonary
tissue volume, and cardiac output measured by a a rebreathing technique. Am
Rev Res Dis 111: 157-65, 1975

29. Bhattacharya J, Nakahara K, Staub NC: Effect of edema on pulmonary
blood flow in the isolated perfused dnrg lung lobe. J Appl Physiol 48: 414-9, 1980

30. Overland ES, Gupta RN, Huchon GJ, Murray JF: Measurement of
pulmonary tissue volume and blood flow in persons with normal and edematous
lungs. J Appl Physiol 51: 1375-83, 1981

31. Sackner MA, Markwell G. Atkins N, Birch SJ, Fernandez RJ: Rebreathing
techniques for pulmonary capillary blood flow and tissue volume. J Appi Physlol
19: 910-15, 1980

32. McNeill RS, Rankin J, Forster RE: The diffusing capacity of the pulmonary
membrane and the pulmonary capillary blood volume In cardlopulmonary dsese.
Clin Sci 17:465-82, 1958
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central blood volume with seventy-two percent of the pulmonary blood volume
present in the first five orders of branching from the main pulmonary artery (33).
Both of these calculated blood volumes greatly overestimate the contribution of
the pulmonary capillary blood volume.

The pulmonary capillaries of adults contain 80 to 100 ml of blood under normal
conditions (23, 34, 35). Calculated central blood volumes increased as cardiac
outputs rose in our patients. Pulmonary dispersive volume, reflecting total
pulmonary vascular volume, has also been noted to be directly related to cardiac
output (36,37). Serial measurements of lung tissue volume, capillary blood
volume, and cardiac output with graded exercise in human subjects have demon-
strated that a near doubling of cardiac output was associated with an increase of
pulmonary blood volume from 101 ml to 123 ml (28). Moreover, pulmonary tissue
volume measurements were not correlated with blood flow. In animal studies,
large vessel blood volume was found to increase massively when acute pulmonary
edema was induced by elevating left atrial pressure, while at the same time, pul-
monary capillary blood volume, measured by carbon monoxide diffusion, increased
only transiently, and returned to baseline within a few hours (38). From the above
considerations', it is unlikely that an increased pulmonary capillary blood volume
contributed significantly to the increased tissue volume measured in our patients.
Thus, assuming the capillary volume remained unchanged at 100 ml, lung tissue
volume increased 90 percent and most likely represents water accumulation. If
a "worst case" is considered, i.e., a doubling of lung capillary blood volume,
lung tissue volume still increased 65 percent.

While calculated lung tissue volume is minimally affected when blood flow is
unevenly distributed, it is significantly underestimated when ventilation is
unevenly distributed (24). We have attempted to avoid this consideration by
studying a homogeneous group of patients with known normal lung function. The

33. Singhal S. Henderson R, Horsfield K, Harding K, Cumming G: Morphometry
of the human pulmonary arterial tree. Circ Res 33: 190-7, 1972

34. Newth CJ, Cotton DJ, Nadel JA: Pulmonary diffusing capacity measured
at multiple intervals during a single exhalation in man. J Appi Physiol 43:.
617-25, 1977

35. Roughton FJ, Forster RE: Relative importance of diffusion and chemical
reaction rates in determining rate of exchange of gases in the human lung, with
special reference to true diffusing capacity of pulmonary membrane and volume
of blood in the lung capillaries. J Appl Physiol 11:290-302, 1957

36. Siegel JH, Farrell EJ, Lewin I: Quantifying the need for cardiac support
in human shock by a functional model of cardiopulmonary vascular dynamics:
with special reference to myocaridal infarction. J Surg Res 13:166-81, 1971

37. Siegel JH, GiovannIni I, Coleman B: Ventilation: perfusion maldistribution
secondary to the hyperdynamic cardiovascular state as the major cause of
increased pulmonary shunting in human sepsis. J Trauma 19:1432-60, 1979

38. English TA, Digerness SB, Kirklin JW, Karp RB: Pulmonary capillary
blood volume and lung water in pulmonary edema. Surg Gynecol Obstet 132:
9)3-100, 1971
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effect of any nonventilated lung segments is eliminated in large part by
normalizing the measured lung water (tissue volume) to measured lung
volumes. This procedure not only takes into account only those areas of
the lung into which the soluble gas diffuses but also allows comparisons
of individuals of different sizes. Normalizing lung tissue volume in this
manner renders the rebreathing technique for lung water estimation a
reliable, highly reproducible method in both normal and moderately
ecmatous lungs (10,26,27,30). If the data from our patients are normalized
to alveolar volume (our usual method) instead of body weight, the Increase in
lung water over the seven day study is even more highly significant.

Other sources of error are introduced by recirculation of the soluble
gas indicator, change in alveolar volume due to uptake of 0 by the blood, and
undetected dead space in the measuring system. Since the ilope of the soluble
gas washout determines the time of intercept and hence, the lung tissue volume
measurement, recirculation of the indicator gas would decrease that slope and
overestimate the tissue volume. With moderate exercise, the recirculation time
of nitrous oxide decreases from 15 seconds at rest to 8 seconds (39). Burned
patients with hyperdynamic circulations show a similar shortened circulation
time, and we are able to detect recirculation by the least squares analysis of
sequential points on the washout slope, as described above. Although alveolar
volume, an important component of the calculation of lung tissue volume, is
assumed to be constant, it actually decreases due to uptake of 0 from the
alveolus by the blood. However, for normal subjects this change in alveolar
volume introduces an error in tissue volume of less than one percent (24),
and with twice normal 0 consumption, a typical situation in hypermetabolic
burn patients, such errsr would alter tissue volume by less than two percent.
Finally, dead space and attendant incomplete and delayed mixing of gases can
be minimized by beginning the testing procedure at residual volume and by
utilizing near maximal rebreathing maneuvers (3 liters), as we describe above.

As with the rebreathing method, the diffusible thermal indicator of the intra-
vascular indicator dilution method does not detect lung water volume. Rather,
the thermal tracer detects a thermal volume which includes not only parenchymal
lung tissue structures and water content, but also the thermal distribution of the
left side of the heart, the bronchi, pulmonary arteries and veins, and possibly a
small portion of the chest wall (40). These latter components may contribute as
much as 30 to 35% of the measured tissue volume under basal conditions. The
degree to which thermal volume measurements correspond to EVLW depends in
part on the intravascular reference Indicator. When hypertonic saline is
employed, lung thermal volume pverestthates gravimetric lung water 4 to 20
percent (18,20). Albumin labelled with ICG, currently the most widely used
reference tracer, yields lung water measurements which either moderately under-
estimate or correlate quite closely to that obcained from gravimetric analysis.

39. Zeldifard E. Godfrey S, Davies EE: Estimation of cardiac output by an
N20 rebreathing method in adults and children. J Appi Physiol 41:54 3-38, 1976

40. Noble WH. Kay JC. Maret KH, Caskanette G: Reappraisal of extra-
vascular lung thermal volume as a measure of pulmonary edema. J Appl Physiol
418:120-29, 1980
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This close correlation holds true not only under normal conditions but also
in the presence of pulmonary edema, emboli, and sepsis (41-46).

The reasons why the thermal ICG technique may have underestimated
lung water in our patients are not clear. Immediately after burn injury,
before large resuscitation volumes had been administered, we measured a
mean thermal volume of 5.3 ml/kg. This value is entirely consistent with
thermal ICG lung water of 5.7 mI/kg measured in similar patients without
pulmonary pathology (21). However, in the ensuing six days, thermal-ICG
lung water fell to a mean of 3.9 ml/kg on postburn day five in our patients,
with values less than 3 mI/kg in some patients. This low quantity of lung
water is physiologically untenable, and we have examined potential sources
of error in the technique which may explain these circumstances.

The use of albumin alone as the reference tracer for the intravascular
distribution of water can result in sizeable underestimation of EVLW (47).
The reflection coefficient of albumin is not unity, and any leak of albumin out
of the circulation and into the interstitial spaces will alter the distribution of
its transit ti'-3s and will increase its mean transit time and, thus, its apparent
intravascula- volume of distribution. In addition, plasma separates from red
cells in small vessels, creating an intravascular plasma space which is
accessible to albumin but not to red cells (48). This separation becomes more
pronounced with increased blood flow and with edema (49). However, since

41. Hill SL, Elings VB, Lewis FR: Changes in lung water and capillary
permeability following sepsis and fluid overload. J Surg Res 28: 140-50, 1980

42. Holcroft JW, Trunkey DD: Pulmonary extravasation of albumin during
and after hemorrhagic shock in baboons. J Surg Res 18:91-7, 1975

43. Holcroft JW, Trunkey DD, Carpenter MA: Sepsis in the baboon: factors
affecting resuscitation and pulmonary edema in animals resuscitated with Ringer's
lactate versus plasmanate. J Trauma 17: 600-10, 1977

L. Holcroft JW, Trunkey DD, Carpenter MA: Excessive fluid administration
in resuscitating baboons from hemorrhagic shock, and an assessment of the
thermodye technic for measuring extravascular lung water. Am J Surg 135:
412-16, 1981

45. Lewis FR, Elings VI: Microprocessor determination of lung water using
thermal-green dye double indicator dilution. Surg Forum 29:182-4. 1978

46. Oppenheimer L, Elings VB, Lewis FR: Thermal-dye lung water
measurements: effects of edema and embolization. J Surg Res 26: 504-12, 1979

47. Brigham K, Woolverton WC, Blake LH, Staub NC: Increased sheep lung
vascular permeability caused by pseudomonas bacteremia. J Clin Invest 54:
792-804, 1974

48. Goresky CA, Cronin RF, Wangel BE: Indicator dilution measurements of
extravascular water in the lungs. J Clin Invest 48:487-501, 1969

49. Brigham K, Snell J: In vivo assessment of pulmonary vascular integrity
In experimental pulmonary edema. J Clin Invest 52:2041-S2, 1973
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water distributes in both red cells and in plasma, the intravascular transit
time used for EVLW calculations must take this into account. To use only the
albumin transit time will lead to overestimation of the intravascular water
volume and net underestimation of EVLW. This discrepancy increases with
rising cardiac output and with large changes in hematocrit, both of which
occur during the first postburn week.

Various components of the equation for computing thermal dilution cardiac
output may also be inaccurate. The catheter correction factor is dependent not
only on catheter volume but also on hematocrit and .blood flow. Heat loss from
the catheter causes overestimation of the calculated cardiac output and is
dependent on blood flow (50,51). These inaccuracies are more pronounced at
low flows and tend to be minimized at higher blood flow. Furthermore, recir-
culation may cause underestimation of cardiac output. Since the bedside
computer utilized in this study analyzes the concentration-time curves out to a
set fraction of the peak concentration values, recirculation, especially under
conditions of very rapid transit time, may be undetected.

Heat is advanced as a more ideal tracer than labelled water for determining
EVLW because its diffusivity is 100 times greater than water (52). However,
this very quality may limit. its use in the indicator dilution measurements.
Because it does not distribute by the same mechanisms as molecular tracers, the
use of blood flow as the flow factor for the thermal tracer may not be applicable.
Thermal volume calculated from blood flow is not synonymous with that calcu-
lated from heat flow. As volume and velocity of blood flow increase, the rela-
tionship between blood flow, heat flow, and thermal volume may change, and
may explain the very short thermal mean transit times and small thermal volumes
in our patients (53). Higher heat flows relative to blood flow may explain why
the thermal curves preceded the ICG curves, especially at lower flows, in our
patients. Finally, like tritiated water, heat capacity may be diffusion limited at
higher blood flows (54).

Since the marked decline in thermal volume occurred in our patients only
after cardiac output had doubled, diffusion limitation and underestimation of
EVLW may take place at a threshold flow value, below which EVLW is not
affected by blood flow (43). Another factor which may contribute to the

50. Maruschak BG, Potter AM, Schauble JF, Rogers MC: Overestimation of
pediatric cardiac output by thermal indicator loss. Circulation 65: 380-3, 1982

51. Meisner H, Glanert S, Steckmeier B, Gains E, Hagl S, Heimisch W,
Sebening F, Mebmer K: Indicator loss during injection in the thermodilution
system. Res Exp Med 159: 183-96, 1972

52. Perl W: An extension of the diffusion equation to include clearance by
capillary blood flow. Ann NY Acad Sci 108:92-105, 1963

53. Chen MM, Holmes KR:. Microvascular contributions in tissue heat transfer.
Ann NY Acad Sci 335: 137-150. 1980

54. Staub NC: Pulmonary edema. Physlol Rev 54:678-811, 1974

56



VIP-S

discrepancy between the measurements of lung watejl the fact that the two
methods measure lung wateF from opposing sides of falveolar-capillary
membrane. The thermal-ICG technique can "look" only at that lung water
with which it makes contact. Impaired perfusion of lung tissue, known to
occur in burn patients (55), will reduce the volume of lung water into which
the thermal indicator can diffuse while the diffusible gas will still make contact
with such water as long as the alveoli in such poorly perfused segments of the
lung are ventilated.

Overall, the rebreathing technique appears to be a reliable method for
determining EVLW even in patients with markedly elevated cardiac output.
;erial changes in lung tissue volume, measured by this method, likely reflect
alterations in lung tissue water. If anything, this technique may underestimate
EVLW. especially when a very soluble gas. such as dimethyl ether, is used.
Under normal conditions and in a variety of pathological circumstances, the
thermal-ICG technique has also been shown to be very dependable and repro-
ducible and has, in addition, specific operational advantages. However, the
thermal-ICG method appears to underestimate EVLW in patients with markedly

ielevated cardiac outputs, and this technique may require modification when
utilized in burned or other critically ill patients with hyperdynamic circulations.
The differences in EVLW as determined by the two methods may in some manner
be related to intrapulmonary shunt flow. Simultaneous use of the two techniques
may permit estimation of that volume of lung tissue to which circulation is
i mpai red.

55. Cook WA, Baxter CR, Ferrell JM: Pulmonary circulation after dermal
burns. Vasc Surg 2: 1-1i, 1968
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The use of 5% aqueous Sulfamylon dressings in the care of
the burn wound has continued to be an efficacious treatment mod-
ality throughout this report period. A hundred and thirty-six

patients were treated with 5% aqueous Sulfamylon dressings
employed either for final debridement of a wound or following
application of meshed cutaneous autograft to prevent desiccation
of tissue exposed in the interstices of such grafts. A 5.9%
incidence of skin rash (atopy) was noted as the only adverse
reaction. The clinical results achieved by the use of 5% aqueous
Sulfamylon solution support its continued use.

Burn injury
Topical therapy
5% Sulfamylon acetate solution
Humans
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EVALUATION OF BURN WOUND CARE IN TROOPS WITH BURN IN#URY: 55
AQUEOUS SULPANYLON SOAKS USED IN' TOPICAL TREATMENT OF BURNED

SOLDIERS

During the reporting period of 1 October 1980 through
30 September 1981 evaluation of 5% Sulfamylon acetate solution
for topical treatment of the burn wound has continued at this
Institute and involved its use in 136 (65%) of the 209 patients
admitted to the U.S. Army Institute of Surgical Research. During
this period 359 split thickness autograft procedures were per-
formed in 131 patients; 5% aqueous Sulfamylon soaked dressings
were used in conjunction with the skin autografting procedures
in 119 patients. The 5% Sulfamylon acetate soaked dressings are
used as wet to dry dressings to debride nonviable tissue elements
in preparation for split thickness autograft procedures or as
continuous wet dressings to protect freshly excised wounds that
are not autografted. In addition when meshed cutaneous
autografts are applied dressings are soaked with 5% Sulfamylon
acetate to decrease the rate of bacterial growth and to prevent
desiccation of tissue exposed in the interstices of such grafts.

Eight patients (5.9%) demonstrated allergic reactions
(atopy) coincident with the use of 5% aqueous Sulfamylon solution
and these eight patients demonstrated rapid resolution of the
atopio reaction following administration of an antihistamine and/
or discontinuation of the 5% aqueous Sulfasylon soaked dressings.
Saline or other aqueous topical antimicrobial agents were sub-
stituted once 5% aqueous soaked Sulfamylon dressings were dis-
continued and no other adverse reactions were noted in this group
of patients.

The continued use of 5% aqueous Sulfanylon acetate dressings
has been efficacious both in the preparation of the burn wound
for cutaneous autografting and in the prevention of desiccation
of ungrafted granulation tissue. This efficacy and the low
Incidence of adverse side effects speak for continued use of this
solution.

p
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23. (U To determine the hormonal abnormalities in burned solditers.
214. (U The initial approach was to assess the neurological basis for
the cortisol and melatonin rhythms in non-burned humans and determine
the effects of acute stress on these hormones. Plasma melatonin was
investigated as an index of pineal function. Next, the relationships
among plasma cortisol, ACTH, core temperature, metabolic rate and
catecholamine excretion were determined in burned soldiers, a~d ohfarac-
teristiqs of the cortisol rhythm were also determined in such patients.
The effect of a 37% burn on morning corticosterone, ACTH and th yroid
hormone levels was determined in adult male rats.
25. (U 8010 - 8109. The human plasma melatonin rhythm behaves as
predicted from known pineal physiology in experimental animals, in-
cluding dependence of the nocturnal surge on an intact hypothalamus.
Acute stress does not perturb melatonin levels. In burned soldiers,
morning cortisol (and not ACTH) was elevated in proportion to burn size,
and hypermetabolism and hyperthermia were more closely related to
urinary catecholamine excretion than to plasma cortisol. The oortisol
rhythm mean was markedly elevated, and the amplitude was suppressed.
Melatonin levels will be assessed in subsequent studies of burn
patients. In burned rats on postburn days 1, 3 and 7. oortiaosterone

0. was elevated, and T14 and T3 levels were suppressed, in agreement with
previous human data. Thus, the rat burn model may provide a reasonable
lrapproximation to the human burn disease.

*=gs49S AM 1"366 6MAN 1P"O A4011 WrWWL~I~.

mamn



ANNUAL PROGRESS REPORT

PROJECT NO. 3SI 62772AS7*I-00, APPLIED RESEARCH

PROJECT TITLE: STUDIES OF NEUROENDOCRINE ABNORMALITIES
IN BURN INJURY - CORTISOL AND CORTICOTROPHIN

IN BURNED SOLDIERS-

US ARMY INSTITUTE OF SURGICAL RESEARCH
BROOKE ARMY MEDICAL CENTER

FORT SAM HOUSTON, TEXAS 78234

1 October 1980 -30 September 1981

Investigators:

George M. Vaughan, M.D., Major, MC
Richard A. Becker, M.D.

John P. Allen, M.D.
Cleon W. Goodwin, Jr., M.D.

Basil A. Pruitt , Jr., M.D.
Arthur D. Mason, Jr., M.D.

Reports Cc'itrol Symbol MEDDH-288 (Rl)

Unclassified

63

MOWN" Wa-



Ii
ABSTRACT

PROJECT NO. 3S162772A874-00, APPLIED RESEARCH

REPORT TITLE: STUDIES OF NEUROENDOCRINE ABNORMALITIES
IN BURN INJURY - CORTISOL AND CORTICOTROPHIN
IN BURNED SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medical Center,
Fort Sam I ouston, Texas 78234

Period covered in this report: I October 190 - 30 September 1981

Investigators: George M. Vaughan, M.D, Major, Medical Corps
Richard A. Becker, M.D.
John P. Allen, M.D.
Cleon W. Goodwin, Jr., M.D.
Basil A. Pruitt, Jr., M.D., Colonel, Medical Corps
Arthur D. Mason, Jr., M.D.

Reports Control Symbol MEDDH-288 (R1)

Based on sequential early morning samples, plasma cortisol
concentration was elevated in proportion to burn size. Plasma
corticotrophin (ACTH) was not correlated with burn size, suggesting
that factors other than ACTH contribute to the elevated cortisol.
Cortisol levels did not fall on the days prior to death in nonsurvivors.
Suring 24-h sampling, burn patients exhibited a fitted cortlsol curve
mean that was elevated in proportion to burn size, a rhythm amplitude
that was significantly less than that in uninjured controls, and a normal
peak time. Metabolic rate, rectal temperature and urinary catecholamine
excretion were also elevated in proportion to burn size. Though plasma
cortisol Was positively correlated with metabolic rate and with temperature,
this appeared to result from a common relationship of these variables with
burn size. On the other hand, urinary catecholamine values significantly
reduced the residual variance of metabolic rate and temperature after
accounting for variance related to burn size. Cortisol appears to be
less prominent than catecholamines as a possible mediator of the
elevated thermogenesis.

Cortisol

Corticotrophin
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STUDIES OF NEUROENDOCRINE ABNORMALITIES IN
BURN INJURY - CORTISOL AND CORTICOTROPHIN IN BURNED SOLDIERS

Burn Injury results In hypermetabolism that has been thought to
result from elevated catecholamine secretion (1). However, enhanced
adrenocortical secretion after burns has also been shown by measurements
of urinary corticoid excretion (2) and plasma cortisol concentration
(3, 4, 5, 6). Such a response is expected as an immediate result of
stress and is reflected In the rise of plasma cortisol within eight hours
of various types of Injury (7). However, like the ensuing hypermetabolism,
the adrenocortical response to burn injury extends well past the
immediate post-traumatic period (8) and thus represents another
feature of the altered Internal milieu that characterizes the body's
reaction to severe injury. Furthermore, it has recently been proposed
that cortisol is the major hormonal determinant of the postburn
metabolic response (9).

1. WillnoreDW, 'Long J.M., Mason A.D., JR., Skreen RW, and Pruitt
BA, Jr.: Mediator of the hypermetabolic response to thermal Injury.
Ann Surg 180: 653-669, 1974.

2. Evans El, and Butterfield WJH: The stress response in the
0 severely burned. Ann Surg 134:588-613, 1951.

3. Hume DM, Nelson DH, and Miller DW: Blood and urinary
17-hydroxycorticosterolds in patients with severe burns. Ann Surg
143:316-329, 1956.

4. Mortensen RF, Johnson AA, and Eurenius K: Serum
corticosteroid binding following thermal injury. Proc Soc Exp Biol
Med 139:877-882, 1972.

5. Popp M.B., Srivastava LS, Knowles HC, Jr., and MacMillan
BG: Anterior pituitary function In thermally injured male children
and young adults. Surg Gynecol Obstet 145: 517-524, 1977.

6. Wise L, Margraf HW, and Ballinger WF: Adrenal cortical
function in severe burns. Arch Surg 105:213-220, 1972.

7. Stoner HB, Frayn KN, Barton RN, Threlfall CJ, and Little RA;
The relationships between plasma substrates.and hormones and the
severity of Injury in 277 recently injured patients. Clin Sc 56: 563-S73,
1979.

8. Wilson H. Lovelace JR, and Hardy JD: The adrenocortical
response to extensive burns in man. Ann Surg 141: 175-184, 19S5.

9. Alberti KGMM, Batsone GF, Foster KJ, and Johnston DG:
Relative role of various hormones in mediating the metabolic response
to injury. J Parenter Enteral Nutr 4: 141-146, 1980,
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Plasma corticotrophin (ACTH) concentration varies widely but
is often normal after major burns (10). Though simultaneous cortisol
levels were not reported, this suggests a lack of correlation between
ACTH levels and expected excess cortisol secretion after burns. In
addition, previous studies in subjects without bum injury (11, 12,
13, 14, 15) have suggested that plasma cortisol rises in response to
a rise in core temperature. In order to assess the relationships of
plasma cortisol to ACTH, core temperature, metabolic rate, urinary
catecholamine excretion, and severity of injury, we have used multiple
regression analysis to evaluate these variables measured in the same
patients during their postburn course.

PATIENTS AND METHODS

Thirty-six men, aged 17-23 years and burned in a single
accidental gasoline fire, were air transported for treatment 1220
longitude to the East from the site where they had been stationed and
injured. They were admitted to this burn center on the second
postburn day (PBD). Because of the suppression of thyroid hormone
levels that occurs after burn injury, particularly in deteriorating
patients (16), they were entered into a study to evaluate the effect

10. Dolecek R, Adamkova M, Sotornikova T, Zavada M, and
Kracmar P: Endocrine response after burn. Scand J Plast
Reconstr Surg 13: 9-16, 1979.

11. Collins KJ, and Few JD: Secretion and metabolism of
cortisol and aldosterone during controlled hyperthermia. J
Physiol 292: 1-14, 1979.

12. Felicetta JV, Green WL, and Goodner CJ: Decreased adrenal
responsiveness in hypothermic patients. J Clin Endocrinol Metab
50: 93-97, 1980.

13. Galbo H, Huston ME. Christensen, NJ, Hoist JJ, Nielsen B,
Nygaard E, and Suzuki J: The effect of water temperature on the
hormonal response to prolonged swimming. Acta Physiol Scand
105: 326-337, 1979.

14. Jessen K: The cortisol fluctuations in plasma in relqtion to
human resulatory nonshivering thermogenesis. Acta Anaesth Scand
24:151-154, 1980.

15. Kallner G, and Ljunggren J-G: The role of endogenous
cortisol in patients with non-thyroidal illness and decreased T3
levels. Acta Med Scand 206:459-461, 1979.

16. Becker RA, Wilmore DW, Goodwin CW, Jr., Zitzka CA,
Wartofsky L, Burman KD, Mason AD, and Pruitt BA, Jr.: Free T 4
free T and reverse T in critically ill, thermally injured
patiens. J Trauma 20:-/13-721, 1980.
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of triiodothyronine (T ) administration. Eight of these patients had
small burns over 2-7.9%of body surac and were designated as
controls (CONT), since this degree 'of 'ury is not associated with
measurable alteration in metabolic rate (1). The reiiaining 28 had
a total burn size (TBS) of 18-93% of body surface and were randomly
assigned in double blind fashion to treatment with either a placebo or
T , 200 Iag per day orally or by nasogastric tube, until their wounds
wre healed. This dose had previously been found to normalize T
levels in burn patients. Because four patients died while receivinj
placebo (NSURV) and four while receiving T treatment (NSURV-TX),
the data were analyzed within the five groupl characterized in Table 1.

Beginning on PBD 3-5, and then approximately thrice weekly
between 0500 h and 0700 h when the patients were under resting
conditions in the supine position, blood was collected in plastic
syringes, placed into hepari ized plastic tubes on ice and centrifuged
Clinical Assays, Boston, Massachusetts) and corticotrophin (ACTH) (17)

were measured by radioimmunoassay. esults of plasma thyroid
hormone and catecholamine studies wif be presented elsewhere. On
the days of blood sampling, 24-h urine collections were obtained for
measurement of creatinine and total catecholamines (18). The rectal
temperature on the morning of sampling was recorded. Clinical sepsis
(obtundation or ileus) was recorded if present at the time of sampling.
At weekly intervals, following at least an eight-hour period free of
caloric intake, resting metabolic rate (MR) based on 02 consumption
(19) was measured In all surviving patients.

Data analysis was focused on the PBD 3-26 period, because a
major decrement in catecholamines and MR occurred by PBD 26, the
control patients were available for varying periods up to this time,
and all survivors were sampled throughout this time (Table 1). All
samples obtained within 24 h of dopamine or glucocorticoid administration
were discarded from analysis. In one assessment of the data, each
variable was considered as the mean value of all measurements of that
variable obtained during the PBD 3-26 period for each patient, but
since major changes in most variables took place over this time, the
time factor was accounted for in separate analyses using individual
values of variables in a standard stepwise multiple linear regression
program (BMDP, UCLA) performed on a PDP 1140 computer. To assess
curvilinear dependent va5 iability, idependent variables TBS and PBD
were also entered as TBS and PBD into the multiple regression analyses.

17. Allen JP, Cook DM, Kendall JW, and McGilvra R: Maternal-
fetal ACTH relationship in man. J Clin Endocrinol Metab 37:230-234,
1973.

18. Viktora JK, Baukal A, and Wolfe FW: New automated
fluorometric methods for estimation of small amounts of adrenaline
and noradrenaline. Anal Biochem 23: 513-528, 1968.

19. Aulick LH, Hander EH, Wilmore DW, Mason AD, Jr., and
Pruitt BA, Jr.: The relative significance of thermal and metabolic
demands on burn hypermetabolism. J Trauma 19: 559-566, 1979.
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TABLE 1.

N %TBS TBS Final Sample

(mean) (range) (PBD)

CONT 8 4.5 2 - 7.5 5-26

SURV 10 44.3 18 - 82 33 -38

NSURV 4 68.4 55 - 93 5- 54

SURV-TX 10 45.3 28 - 75 31 - 73

NSURV-TX 4 72.9 62 - 85 12 - 19

TBS; total burn size as % body surface; PBD, postburn day; CONT,
controls with small burns; SURV. placebo-treated survivors; NSURV,
placebo-treated nonsurvivors; SURV-TX, T 3-treated survivors;
NSURV-TX, T 3 -treated nonsurvivors.

Hormonal variables were added to these to determine if they would
significantly (p < 0.0S) reduce the residual dependent varinces.
To assess the impact of T treatment or clinical sepsis, one of these
was included as an indelJndent variable by assigning its presence a
value of 1 and Its absence a value of 0.

In a separate study, nine normal subjects aged 24-36
years (seven men and two women) and eight burn patients aged 19-60
years (six men and two women) were sampled every two hours through
an indwelling venous catheter over a 24-h period for serum cortisol
determination. The results were evaluated by individual cosinor curve
fitting, as well as by comparison of 6stimates of group cosinor
parameters (20).

20. Batschelet E: Statistical rhythm evaluation. In Ferin M, Franz
H, Richart RM, and Vande Wlele R (Eds) Biorhythmsind Human
Reproduction. New York: John •Wiley & Sons, 1974, pp 25-3S.
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RESU LTS

The more severely Injured patients had higher cortisol
concentrations than did CONT (Figure 1). Multiple regression
analysis showed no effect of T treatment or the presence of clinical
sepsis on cortisol beyond the 4arlation accountable by TBS and PBD.
Though cortisol was not related to ACTH in the T untreated patients
over POD 3-26, consideration of all groups did allow inclusion of ACTH
as a predictor of cortisol (Table 2 ). The positive relationship between
cortisol and TBS seen during this interval was beginning to develop
by PBD 3 and PBD 5 (Figure 2). The relationship of ACTH to cortisol
was not discernable using mean values (Figure 1), and ACTH was
unrelated to TBS or PBD on multiple regression analyses. Cortisol
was not correlated with days before death in nonsurviving patients.
The final samples were taken within 48 h of death in six of eight
nonsurvivors and within 24 h in three.

Multiple regression analyses did not demonstrate a significant
effect of treatment with T3 on MR, rectal temperature or urinary
catecholamine excretion. During the interval of PBD 3-26, MR was
related to TBS and PBD (Figure 3). Though cortisol was positively
related to MR and to temperature, and both were related to TBS
(figures 3 and '), multiple regression analyses including all groups
indicated that MR and temperature were not significantly correlated
with cortisol nor with each other beyond their individual relationships
to TBS and PBD. Excretion of total urinary catecholamine per gram of
creatinine (UCA) was elevated in proportion to TBS, and MR and
temperature were correlated with UCA (Figure 5). Multiple regression
analyses showed that after correlation with TBS and PBD, the residual
variance of both MR and temperature was significantly (p< 0.001)
reduced by including values of UCA. TBS and P81 accounted for
70-75% of the variation in MR, and UCA accounted for an additional
5-9% (Table 2 ). Cortisol was not correlated with UCA beyond their
indlvldukti relationships to TBS and PBD.
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The cortisol rhythm mesor (fitted curve mean ) was significantly
elevated above normal in burn patients (p < 0.01), and within the burn
group, the cortisol mesor was positively correlated with TBS (p < 0.05).
The burn group rhythm was statistically significant (Figure 6), and
group rhythmicity was still evident (p <0.05) after excluding the two
patients with the smallest burns (TBS 5.5 and 13.8%; remaining TBS
36-67%). That cortisol rhythmicity was reduced in the burn patients
is indicated by absence of a statistically detectable rhythm in all
individual patients (but present in eight of nine normal individuals)
and a group amplitude-acrophase point significantly (p < 0.05) different
from normal with an amplitude reduced by one-half. The timing of
the rhythm appeared normal in the patients.

DISCUSSION

Cortisol concentrations (Figure 1) in the patients with very small
burns were lower than usual morning normal values (8-25 VIg/dl)
possibly bechuse the morning samples taken in this study would have
represented an 8-h earlier (evening) time in their pre-injury location.
In the new location and before possible rhythm re-entrainment, which
was not identified by nyctohemeral sampling, in this population,
cortisol would be expected to be near the nadir of its daily cycle at the
time of sampling.

The single time point morning samples did allow observation of
elevated plasma cortisol in proportion to burn size in the first four
weeks after injury in adults. This confirms a similar relationship
reported in a study of both children and adults during the first two
weeks postburn (6) and in children during the first four weeks (5).
In addition, we found cortisol concentration to be related to burn
size as early as PBD 3 or 5. This elevation of plasma cortisol
concentration is reflected in elevated values for the entire 24-h
period in proportion to burn size. Molteni et al (21) found no
rhythmicity in cortisol during the first four postburn days, with a
trend toward the normal rhythm apparent by the fifth day. Rhythmicity
was present at the time our nyctohemeral samples were taken (PBD
7-29). The suppression of rhythm amplitude that we observed may
represent another expression of injury-induced alteration of hypothalamic
function, which also includes elevated core temperature, an elevated
ambient temperature of optimal comfort, suppressed growth hormone
response to hypoglycemia (22) and excess sympathetic tone and
hypermetabolism (1).

21. Molteni A, Warpeha RL, Brizio-Molteni L, Altertson DF, and
Kaurs R: Circadian rhythms of serum aldosterone, cortisol and plasma
renin activity in burn injuries. Ann Clin Lab Sci 9: 518-523, 1979.

22. Wilmore DW, Orcutt TW, Mason AD, Jr., and Pruitt BA, Jr.:
Alterations in hypothalamic function following thermal injury. J Trauma
15: 697-703, 1975.
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A recent report (23) suggests that reduced urinary excretion of
cortisol plus cortisone is associated with mortality. Such data are
difficult to interpret, because it has been suggested that conversion of
cortisol to cortisone is positively Influenced by body temperature and
negatively by elevated cortisol secretion (11), and the relative hepatic
and renal extractions of these compounds in traumatized patients are
not known. We found no fall in plasma cortisol associated with death, in
agreement with similar findings in other studies of urinary corticoid
excretion and plasma cortisol levels (21). Cortisol is reportedly elevated
in bacterial sepsis (24). However, in our injured patients with already
elevated cortisol, we did not see further elevation of cortisol levels
during clinical sepsis.

The physiological significance of elevated cortisol might be
diminished if there were a sufficient elevation in plasma binding to
prevent an elevation of free cortisol in burn patients. However, this
appears not to be the case, since Mortensen et al (4) found a decrease,
roughly proportional to burn size, in cortisol binding by human postburn
sera. More dramatically, Wise et al (6) showed that the decreased serum
binding capacity in burn patients was associated with a two- to sevenfold
rise in the free portion of total serum cortisol compared to that in normal
volunteers. Thus the vigorous postburn response is even mnre robust
for free than for total cortisol levels.

Although Dolecek et al (10) found a rough correlation of ACTH with
burr size, they state that quite normal or only slightly elevated ACTH
levels were founcrin some patients after major burns and that ACTH levels
were unpredictable and exhibited a wide range of values. Our results are
similar, except that we also found no correlation of ACTH with burn size
or time afthr injury. Using mean values over PBD 3-26. cortisol also was
not significantly correlated wtih ACTH (Figure 1), though mean cortisol
was closely correlated wtih burn size (Figure 2). Such observations
suggest that factors other than plasma ACTH concentration are at least
prtially responsible for the large postburn cortisol response. Excessive
adrenal responsiveness to ACTH is unlikely, in that Bane et al (2)
found no response of plasma cortisol after ACTH injection in either of
two burn patients tested. The afferent portion of the adrenocortical

23. Lewbart ML, May SR, Elverson RA, Hartford CE, and DeClement
FA: Adrenal cortical response to thermal injury. Thirteenth Annual
Meeting, American Burn Assoc, Washington, DC (Abstract 22), p 33,
1981.

25. Sibbald WJ, Short A, Cohen MP, and Wilson RF: Variations
in adrenocortical responsiveness during severe bacterial infections.
Ann Surg 186:29-33, 1977.

25. Bane JW, McCAA RE, McCAA DS, Read VH, Turney WH, and
Turner MD: The pattern of aldosterone and cortisone blood levels in
thermal burn patients. J Trauma 14:605-611, 1974.
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response to injury appears to be neurally mediated (26). Possible efferent
control of adrenocortical function that does not Involve ACTH is also
suggested by previous reports. Spinal cord sectionoblocks circadlan
rhythmicity of corticosterone In rats (27), normal human subjects
exhibit nocturnal pulses of cortisol that do not appear associated with
pulses of ACTH (28) and hemorrhage in dogs provokes a rise in plasma
cortisol without a preceding rise In ACTH (29). However, ACTH may
play some role, perhaps a permissive one, in maintaining cortisol
levels in burn patients. In analyses with larger numbers of samples,
unrestricted according to group, concentration of ACTH was found to
be related to that of cortisol (Table 2).

Metabolic rate (Figure 3) and body core temperature (Figure 4)
are both elevated as a function of burn size. This has already been
reported for metabolic rate (1). These relationships support the thesis
that the elevated thermogenesis in burn patients results not from attempts
to restore head content lost excessively to the environment ("externally
cold") but rather from an altered setting of neural centers that results in
heat production sufficient to raise core temperature to a higher level
("internally warm") (1). The correlations of cortisol with temperature
and metabolic rate (Figure 4) could suggest either an interaction between
cortisol and thermogenesis or independent responses of cortisol and
thermogenesis to severe injury. The former possibility should be
considered, because in normal human subjects, induced hypothermia
lowers plasma cortisol (14), and hyperthermia raises it (11). During
swimming at various water temperatures, serum cortisol rose only In
experiments in which body temperature increased (13). In addition,
hypothermic patients had reduced responsiveness to injected ACTH (12),
and elevated serum cortisol paralleled the degree of hyperthermia in
several febrile illnesses (15). The interaction between temperature
and cortisol seems likely for the direction of an influence of temperature
on cortisol levels, and it is thus possible that hyperthermia may account
at least in part for the elevated cortisol in burn patients.

26. Wilmore DW, Long JM, Mason AD, Jr., and Pruitt BA, Jr.:
Stress in surgical patients as a neurophysiologic reflex response. Surg
Gynecol Obstet 142:257-269, 1976.

27. Allen-Rowlands CF, Allen JP: Spinal cord section blocks
circadian rhythmicity of corticosterone in the rat. Fed Proced
34:43 (Abstract 1148), 1973.

28. Allen JP, Vaughan GM, Sackman J, Starr P: Dissociation
between ACTH and cortisol secretion in man. Program Amer Assoc
Advancement Sci, Annual Meet, Houston, Texas, (Abstract) p 115,
1979.

29. Gann DS: Cortisol secretion after hemorrhage: Multiple
mechanisms. Nephron 23: 119-124, 1979.
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Tho; function of glucocorticoids in thermogenesis of experimental
animals ;as been reviewed by Deavers and Musacchia (30). The results
show that whereas glucocorticoid is necessary for animals to restore body
temperature following induced hypothermia, there is no effect of
glucocorticoid on thermogenesis in animals not exposed to cold. However,
in burn patients, thermogenesis is reset around a higher core temperature,
allowing the possibility that usual environmental temperatures may be
sensed as cold (1). In this condition, cortisol might be envisioned as a
potential mediator of hypermetabolism. Plasma cortisol has been linked
to some of the metabolic substrates or intermediates in burn patients,
which are thought to be related to hypermetabolism. Volenec et al (31)
found cortisol correlated with plasma glucose level. Alberti et al (8)
noted correlations of cortisol with alanine, lactate, free fatty acid, ketone
and urea levels in burn patients. By raising cortisol in normal subjects
using ACTH injections, they produced a rise in circulating glucose,
lactate and alanine. Those authors concluded that cortisol plays the
major role in the catabolic response to injury.

However, there are several limits on interpretation of those data (9).
Although iin that study the known gluconeogenic and catabolic nature of
cortisol was evident in the normal subjects, the relationship of this
hormone to the metabolic response of burn patients was not assessed in
a manner which would establish that cortisol bore a better relationship
to metabolic response than did extent of injury or determine whether
variation of metabolic response was more closely related to variation in
other gluconeogenic hormones after accounting for the extent of injury.
The authors mentioned that plasma glucagon levels and excretion of
metanephrine were elevated. Their results were essentially limited to
the first five postburn days. Finally, the metabolic variables reported
are elements of biochemical pathways in energy metabolism and are
indirect and restricted reflections of the elevated resting metabolic rate
that occurs after burn injury. Although we have found that cortisol
level was closely correlated with both metabolic rate and temperature,
this appears to reflect the general relationship of metabolic rate and
temperature to burn size and postburn day, and no specific connection
between cortisol and thermogenesis was identified. That cortisol may
contribute to hypermetabolism Is not excluded by these results. However,
consideration of urinary catecholamine excretion reduced the residual
variance of both metabolic rate and temperature after accounting for
variation associated with burn size and time snce injury. These
findings corroborate a role of catecholamines and suggest less importance
of cortisol in postburn hypermetabolism.

30. Deavers DR, and Musacchla X.J: The function of glucocorticoids
in thermogenesis. Fed Proced 38:2177-2181, 1979.

31. Volenec FJ, Clark GM, Mani MM, Kyner J, Hymphrey U:
Metabolic profiles of thermal trauma. Ann Surg 190:694-698, 1979.
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Figure 1. Plasma cortisol concentration samples serially on mornings
following burn injury. The crosses nearest a final symbol for
nonsurvivors Indicate the day of death (top panel). Linear regression
of mean cortisol and ACTH as the mean taken over postburn days 3-26
for each patient (bottom panel). For group designations in this and
subsequent figures, see Table 1.
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Figure 4j. Linear regressions between rectal temperature (TEMP)
and total burn size (TBS), and between TEMP or metabolic rate
(MR) and plasma cortisol * based on mean values for e~h patient
over postbwtn days 3-26..
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MR and TEMP, based on the mean values for each patient over
postburn days 3-26.
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The stresses of insulin hypoglycemia, pneumoencephalography, and
exercise were not associated with a rise in human plasma melatonin,
although cortisol or other hormonal markers of stress did increase.
Patients with lesions in the neural pathway, described as controlling
the pineal melatonin rhythm in animals, had a suppressed plasma
melatonin rhythm similar to the depressed cortisol rhythm seen in
other patients with lesions of the pituitary-adrenal axis. In relation
to the melatonin and cortisol rhythms, the presence of one does not
require that of the other. However, when both are present, they
appear linked ir, time with a phase separation of 4.4-9.3 h. In visually
and neurolog" ,* intact humans, the malatonin rhythm may represent
the output of a ztable oscillator with a signal entrained to the light-dark
cycle and relatively free from acute perturbation by stress or changes
in other hormones. Such a marker for the human neural biological
clock may have applications in research on rhythms in burn patients.

Melatonin
Cortisol

p
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I

STUDIES OF THE NEUROENDOCRINE ABNORMALITIES IN
BURN INJURY - HUMAN MELATONIN AND CORTISOL DURING

ACUTE STRESS

Post-Cartesian thinking decreed that the pineal gland was not only
the seat of the soul but also the seat of mental health (1). Even in modern
times, pineal extracts have been administered to patients with hypersexuality
(2, 3) and schizophrenia (4), with at least a statistically beneficial effect
in the latter case. However, most of the more familiar developments in
modern pinealology center around the pineal's ability to respond to light
deprivation and thereby to suppress the reproductive system in
experimental animals (5, 6). What little endocrinological information
that has been obtained in people with altered light perception or bearing
pineal tumors suggests that the human pineal could also function in the
same way (6-9).

1. Altschule MD. The four phases of pineal studies. In: Frontiers
of Pineal Physiology. MD Altschule (Ed). Cambridge, Ma-sachussetts:
MIT Press, 1975, pp 1-4.

2. Bailo P: Contributo alla terapia degli stati ipersessuali medianti
ormone epi'isario. Quad Clin Ostet Ginec 10: 629-631, 1959.

3. Barbarossa C, Carnovale M, and Cerquetelli G: Sull' azione
equilibratrice rinen cefalica della pineale. G Geront 10: 629-631, 1962.

4. Bigelow LB: Some effects of aqueous pineal extract administration
on schizophrenia symptoms. In: Frontiers of Pineal Physiology.
MD Altschule (Ed.). Cambridge, Massachussetts: MIT Press, 1975,
pp 225-263.

5. Reiter RJ, Vaughan MK, Vaughan GM, Sorrentino S, Jr., and
Donofrio RJ: The pineal gland as an organ of internal secretion. In:
Frontiers of Pineal Physiology. MD Altschule (Ed.). Cambridge,
Massachussetts: MIT Press, pp 54-174, 1975.

6. Vaughar. GM, Meyer GG, and Reiter RJ: Evidence for a pineal-
gonad relationship in the human. Prog Reprod Biol 4:191-223, 1978.

7. Kitay JI, and Aftschule MD: The Pineal Gland. Cambridge,
Massachussetts: Harvard University Press. 1954.

8. Hartung J: Light, puberty, and a.-gression: a proximal
mechanism hypothesis. Human Ecology 6:273-297, 1978.

9. Lenau H, Hollwich F, Dieckhues B, and Niermann H: Der
Einfluss des Augenlichts auf das mlnnliche Keimdruisenhormon.
Fortschz der Fertil 3: 136-139, 1976.
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Synchronous with these developments, there have been: (1)
identification of melatonin, the pineal factor that lightens tadpole skin (10);
(2) investigation of the nocturnal surge In pineal melatonin synthesis,
which occurs in a rhythm entrained to the light-dark cycle (11);
(3) observation of a similar rhythm in humans with a nocturnal melatonin
surge in pineal (12), plasma (13, 14) and urine (15); and (4) thedeter-
mination that properly timed (evening) daily melatonin injections can
cause reproductive collapse despite a long photoperlod in hamsters (16,
17), mimicking the action of the pineal stimulated by light deprivation.
So far, there seems to be little evidence for an acute effect of melatonin
on the human reproductive system (18, 19).

10. Lerner AB,'Case JD, Takahashi Y, Lee TH, and Mori W:
Isolation of melatonin, the pineal factor that lightens melanocytes.
J Am Chem Soc 80:2587, 1958.

11. Klein DC, Weller JL, and Moore RY: Melatonin metabolism:
neural regulation of pineal serotonin: acetyl coenzyme A N-
acetyltransferase activity. Proc Nat Acad Sci, USA, 68:3107-3110,
1971.

12. Smith JA, Padwick D, Mee TJX, Minneman KP, and Bird ED:
Synchronous nyctohemeral rhythms in human blood melatonin and in
human post-mortem pineal enzyme. Clin Endocrinol 6:219-225, 1977.

13. Pelham RW, Vaughan GM, Sandock KL, and Vaughan MK:
Twenth-four-hour cycle of a melatonin-like substance in the plasma
of human males. J Clin Endocrinol Metab 37: 341-344, 1973.

14. Arendt J, Wetterberg L, Heyden T, Sizonenko PC, and
Paunier L: Radioimmunoassay of melatonin: human serum and
cerebrospinal fluid. Hormone Res 8:65-75, 1977.

15. Lynch HJ, Wurtman RJ, Moskowitz MA, Archer MC, and Ho
MH: Daily rhythm in human urinary melatonin. Science 187:169-171,
1975.

16. Tamarkin L, Westrom WK, Hamill Al, and Goldman.BD: Effect
of melatonin on the reproductive systems of male and female Syrian
hamsters: a diurnal rhythm sensitivity to melatonin. -Endocrinol
99: 1534-1541, 1976.

17. Reiter RJ, Rollag MD, Panke ES, and BAnks AF: Melatonin:
reproductive effec ts. J Neural Trans, Suppl 13:209-223, 1.978,

18. Weinberg U, Weitzman ED, Fukushima DK, Cancel GF, and
Rosenfeld RS: Melatonin does not suppress the pituitary lutelinizing
hormone response to luteinizing hormone-releasing hormone In men.
J Clin Endocrinol Metab 51: 161-162, 1980.

19. Fideleff H, Apariclo NJ, Guitelman A, Debeljuk L, Mancini A,
and Cramer C: Effect of melatonin on the basal and stimulated
gonadotropin levels in normal men and postmenopausal women.
J Clin Endocrinol Metab 42:1014-1017, 1976.

85



Melatonin has received' some attention as a pos~tlle o
hormone (20). Though exogenouts meltontin can pr'duce 4tf,
or sleep (22) with vivid dreaming (23), these findlngs'have'-otbie..i...
universal (18). The major surge of endonous mfoih ct I
during the usual sleep period, but daytime sleep occurs-in th1eha' S
of a surge (24) until after a few days of sleep-wake phase r$ver0l wel
the melatonin rhythm begins to adjust (25). Melatonin does A6t abbt
to be a major physiologic mediator of sleep.

One of the more intriguing features of melatonin in experimental
animals is that the noct'irnal surge in melatonin synthesis depends
upon an intact neural pathway from the anterior hypothalamus through
the brain stem and upper spinal cord, thence out through the
sympathetic system innervating pineal cells through beta-noradrenergic

I neurotransmission (11, 26). Such a relationship to the sympathetic
nervous system suggests that melatonin could be either a signal o a
mediator of stress. In keeping with this notion, rat pineal melatonin
synthesis is stimulated by insulin hypoglycemia (27), immobilization (28)

20. Wetterberg L: Melatonin in psychiatric conditions. In:
Melatonin--Current Status and Perspectives. Birau N, and Sciloot W
(Eds.) Ocford, England: Pergamon Press, pp 365-370, 1981.

21. Lerner AB, and Nordland JJ: Melatonin: clinical pharmacology.
J Neural Trans, Suppl 13:339-347, 1978.

22. Cramer H, Rudolph J, Consbruch U, and Kendel K: On the
effects of melatonin on sleep and behavior in man. Adv Biochem
Psychopharmacol 11: 187-191, 1974.

23. Anton-Tay F: Melatonin: effects on brain function. Adv Biochem
Psychopharmacol 11: 315-324, 1974.

24. Vaughan GM, McDonald SD, Jordan RM. Allen JP, Bell R, and
Stevens EA: Melatonin, pituitary function and stress in humans.
Psychoneuroendocrinol 4:351-362, 1979.

25. Lynch HJ, Jimerson DC, Ozaki Y, Post RM, Bunney WE, Jr.,
and Wurtman RJ: Entrainment of rhythmic melatonin setrefiOn in
man to a 12-hour phase shift in the light/dark cycle. Life Sciences
23: 1557-1564, 1978.

26. Moore RY: Neural control of pineal function in mamms; and'
birds. J Neural Trans, Suppl 13: 47-58, 1978.

27. Lynch HJ, Eng JP, and Wurtman RJ : Control Of6pineal iidt.-
biosynthesis by factors other than environmental lighting. Proc
Nat Acad Sci, USA, 70: 1704-1707, 1973.

28. Lynch HJ, Ho M, and Wurtman RH: The adt*enl medula may
mediate the increase in pineal melatonin synthesis induced by stress but
not that caused by exposure to darkness. J Neural Trans 40: 7-97. IS7M.
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or injection of 1-dopa( (29). In humans,' pt'opranolol inhibitstG ~ l
rise In- plasma melatenin (30). The nodturna~sur Igo itn urt,"4 *,ilet"
did not occur -in patients 'with cervical spinal cord trafstieh' tYI1$. YI-Ifts,
it Is likely that metatonin -secretion has the earn. veurl6oi4kai bt'*~1V-
humans as In- experirnenthl animals.

The link between the sympathetic system andmelatonih It pe~hAp#
paradoxical, since a rise of endogenous melatonin Is tempowelly associatled
with sleep and administration of large amounts of this horfti6ne mnay

* produce sedation and inhibition of seizure activity (23, 32. 33). 'inthe-
subsequent parts of this communication, we will focus on the effects of
acute stresses on plasma melatonin-like immunoactivity and on the
neurologic basis for its rhythm in human subjects.

SFor the melatonin analyses described In this communication, the
Rollag antibody (314) was employed. As previously described (3S),
compounds similar in structure to melatonin cause no significant
binding inhibition, dilutions of plasma inhibit binding of tracer in a
fashion parallel to the standard curve, adding different amounts of meilonin
to plasma produces the expected binding Inhibition, and Immunoactivity'
in the plasma chloroform extract used in the assay co-migrates w"t 3"-
melatonin on thin layer chromatography. Washing the buffer-dissolved
extracts of human plasma with petroleum ether did not remove mielatoftin-
like immunoactivity in our system. Because workers using mass

29. Lynch R3, Wang P. and Wurtman Ri: Increase In rat pineal
melatonin content following L-dopa administration.

30. Moore DC, Paunier L, and Sizonenko PC: Effect of adrenergic
stimulation and blockade on melatonin secretion In the human. In: The
Pineal Gland of Vertebrates Including Man. Kappers JA, and Pret P
(Eds.). Amsterdam: E Isevier/North-Hol land Biomedical Press,
pp 517-521, 1979.

31. Knelsley LW, Moskowitz MA, and NJ Lynch!, Cervical gpivwl
cord lesions disrupt the rhythm in human melatorin excretion.' I Neural
Trans, Suppi 13:311-323, 1978.

32. Brueske V, Allen J, Kepic T, Meissner W, Lee R, Vaughan G,
and Weinberg U: Melatonin inhibition of seizure activity In man.
Elactroenmphalog difn Neurophysiol Suppl:11 (20?) , 1-evI.,

33. Rudeen PIC, Phil* RC, and Symmes SK:, Aht4d0l~4*11*1ffc
of melatonin In the plnealectoniized mongolian grbfl .'
21:149-154, 19610.

34. Rollag MID, and tNiwender GO:- Radto**mnma o w"s
concentrations of melatonin In sheep exposed to different lighting
regimens. Endocti"o 9: 42-Ml, 9G

35. Vaughan GM, Allen JP, TulIs W, Slier-KhMid T;46**
A, and Sackman JW: O6vernight plasma profiles of melatonin aiW CeuiAI
adeoypophyseal torwvbnos In Woan. J ClIn EndcrftI MietbA7U SkB71.
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sPectrometry, haVOTOePOrANotiIj 4somewhtqiworlovimt Inpim. (3
thnw, usually find, Ij avbeap~ptt ec'~e w ~
resultwas meIotonln-lika impwpcJly*iI~i~ os~nn~
pattern simkwa to that, repwrtd* W, othe~rs a n, tun
as measured with this antibody, is suppnasebys~ Il~h
experimental animals (34), but not by normal intensity of room light
applied at night in humans, (37) in similaty wi reo .stothe"
(25, 38), and it is not stimulatedby 4aylm sbeypr ,d 24
similarity with, results of others (39). .Results of other -hormones
reported herein were obtained using, standard radloimmunoassay

RESULTS

Melatonin in Acute Stress and After a Dose of L-Dopa. Our results
of plasma melatonin during stress or after a dose of L-dopa have b~ri
reported (24). A standard insulin tolerance test (ITT). was perforoW.
in three women and eight men undergoing examination for: annabnortnpl

apaace of the- sella turcica on skull radiographs.. BIL-4 waossei
before and at 15-minute intervals for 75 minutes following insulla kinhection.
Glucose concentration fell sufficiently to produce -symptoms of isympahetc
discharge in each subject. Following this, a significant rise Lin cortfteel
and growth hormone occurred; whereas, melatonin concentration: did-
not r ise.

Pneumoencepha log raphy (PEG) was performed in the clinically
indicated evaluation of 16 women and 7 men suspected of having pituitary
disease. This procedure involves injection of air into the tubarachnold
space and usually produces headache. In these cases, PEG took,
approximately 80 minutes, and blood was sampled at the beginning.,
near the middle and at the end. Mean growth hormone was elevated from
the beginning (10 to 13 ng/ml throughout), and mean cortisol-rose
significantly from 18 to 27 at the middle and 31 g/dl at the end of-the
test, with no change in melatpnin. In both the ITT and PEGI, patients
with normal baseline prolactin concentration exhibited significant rises
In prolactin with no rise in melatonin,.

36. Le~AadMarkey. SP: Aayi fmlaei g-n
by gos ch.romtgraphy negative etmWeIal ionization ,MuS, p mty
Science 201: 741-703, 1078.

37. Vaughan GM, Sell R. and de [a Pena A: Noctum,,, P,140" n
In tumen s pis.1c, pattern and Influonce f ligh. Nevri .t1W 1 4
1979.

38. Lewy AJ. Wehr TA, Goodwrin PKO Ntewswa~ A. e"1 M6~kPIWf
Light suppresses maasnl. vecretion Mi humas, Selanse ,2 1 W, I I

39. J koesen PC., L hbtl, , .PoetAt uNkfJ.gI6
WE, Jr.: Uriny melatonnrhytmduring sleepdeprvadowi *~depressed patients and normals. Life Sciences 20: 1 W1 t5.)f



Two phsicall untnqhW, Owh ranA100-yard Oprints at
three times over a 20-mn- '= s siodatfb Aie
before and 12 times oveO thw-1# 664ri fWIng thifirst sprIM. There
waspno-discernable resplOW I1a*oC cortIi. though irowh
hordione-.**bled a drialt r~. TaOtjcrdaiian"weating
attested -a sge In sy~iathtkc 404v#ty

1-dopa. A catecholam~n precursor. iva admlnisteqed to five notmai
voluenteers In a single O.It* oral ;Wqs.- "Ok another 4ly, th~4 recived

placbo n asinle-biind fashion. 'BoW_ wO sampled In each casebas4Wlne. every 15 minte; for the firsthouW, every 30intfr the
second houir, anhd at three-bours following the dos*-or Olaceb6. Aithibugh
three subjects exhibited the characteristic rise in growth hormone
peaking at 60 to 120 minutes, there was no consistent rise in melatonin.

Nalabtin anht Corti sol Rhythms in Patients With Oleur-o~
Lesions. Tpble I gives the characteristics of the subjects of -MIS study
and explains their grouping. They were all sampled on a research
ward (lights off 2$00 to 0700 hours) through an indrqklligvrs
cath~ter, and all except one habitually sfep It'",t.B4*ide
were not measured in all subjects. Plasma hormone concentrations
for each subject were. sampledthroughCone- to ,rvo .cantiou hu
per iods and f itted by computerU940 1649S'4 tetqt eie ~i6
to a curve with 24-hourperlocticlty. (Fig. I):. -Analysis-of verlacctws
used to assess presence-of a rhythm In Indivduals, and substitution of 2 '

the origin coordinates, (zero amplitude) Into the formula for the 9S%
confidence ellipse of the mean for the observed amplitude-acrophase,
pairs was used to -assess-a group rtiythf MW~J 1114aorimnAfalies
(without cosinor analysis) for patients 1, 6, 8 and 10 and for the HPL

and PAL groups have been reported (24).

The group of controls included not only normal subjects, but also'
patients with Illnesses not known to involve the pathway from the
hyp~thpausqiat*.the pinealI. ;1JiftofI 4
allowed for nonspecific variation due to Illness, *such that differences ;
In the other groups may be viewed as more specific. The HPIL grouip
had lesions In the presumed hypothalamoptneal pathway. Socase
three of theneptet also had hypothalamic lesions, i 'at not

these patients. The patientin the group wit Itr-8**n axisL
lesions (PAL) did not harbor lesion of the hyohlmpn a thVwy.

O. Datachlet E: Statistical rhytm evaluation. In: Slorhy~ow
and Human Reproduction. Ferin M, Halbrg F. RlcharfW.- &W~d~
Wiele Ri (Eds.). Now Yak: Wiley 6 $S.pp2-43. IM7. -
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The blind subjects (BL) had retrolental fibroplasla since early life and what
they considered as total blindness most of their lives. They were unable
to detect discrete objects or a penlight. Two could discern the sudden
onset of room lights from total darkness; the other two could not, and
these were considered to have no light perception. They all reported a
habit of normal sleep at night.

Subject 17 (not included in the analysis of the control group) was the
only one who remained awake at night and slept during the afternoon.
This was his customary daily routine. He was a normally sighted
individual with Idiopathic hypertension.

Figure 1 shows examples, using the conventional time-based display of
hormonal data, representing control subjects. Figure 2 depicts examples
of the HPL and PAL groups. The bottom panel represents the blind
subject whose melatonin and cortisol acrophases were the most displaced.
In Figure 3, each symbol represents the 24-hour mesor (best-fit curve
mean) for a" hormone cycle. Just as the PAL group had low cortisol mesors,
so also the HPL group had low melatonin and no overlap with mesors of
any other group. Two HPL patients (both with hypothalamic lesions)
had cortisol mesors below control range. Blind patients had mesors for
both hormones in the control range.

Figure 4 (upper panel) depicts the cosinor amplitude, acrophase (amp, $)
display for all the subjects having melatonin measurements. The broken
lines represent the complete range of acrophase for all control subjects
(mean acrophase 0229 hours). The points for PAL pati..its fall within
the control range as do those for the two blind patients with minimal
light perception. The points for the two blind patients with no light
perception (particularly that for patient 25) fall outside control range,
as do the points for the one subject (17) who has a reversed sleep-activity
cycle. Patients with HPL all have small insignificant amplitudes near
the origin, showing no overlap with amplitudes from any other group.
As a group, their amplitudes show no preferred acrophase, whereas
the control group (p< 0.001) and the PAL group (p = 0.02) each have
significant mean amplitudes with a preferred acrophase. Because of
the wide variation in BL acrophases, the group rhythm'was not significant
(no preferred acrophase, confidence ellipse overlaps the origin) despite
highly significant individual rhythms.
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Figure 2. Examples of subjects from the HPL (2,21), PAL ('4,11) and
BL (25) groups. For subjects 21 and 11, data from two 24-h periods
are superimposed. For subject 21, cortisol values from the night
immediately preceding the other points are connected with a line.
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Figure 4. Amplitude, acrophase coordinates. The symbols, identifled
by subject number, are the same as In Figure 3. Amplitude (concentration
units) is distance from the origin, and acrophase Is counterclockwise
angle expressed as time from midnight (21400).
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Figure 4 (lower panel) depicts the cosinor display for the cortisol
data. The complete acrophase range in controls is indicated by the

broken lines (mean acrophase 0928 hours). The cortisol amplitudes
of three HPL patients (each having a hypothalamic lesion) were below
control range. Patient 20 was receiving cortisone replacement therapy,
25mg orally, with breakfast and 12.5 mg after supper. One of the BL
subjects with no light perception (25) had a cortisol acrophase outside
the range for all other subjects. The patients with PAL (no glucocorticoid
therapy) had small insignificant amplitudes near the origin. Group
mean rhythm was significant only for controls (p< 0.001).

HPL patients all had lesions located in the pathway described as
necessary for pineal melatonin synthesis in experimental animals.
Patient 3 had a presumed germinoma of the pineal also ectopic in the
hypothalamus, and patient 20 had hypothalamic destruction by a pituitary
chromophobe adenoma. Patient 21 had a metastatic carcinoma in the
hypothalamus. Patient 2 had progressive supranuclear palsy, a disease
characterized by degeneration in the brainstem, a site through which
the hypothalamopineal pathway must descend. Patient 9 was afflicted
with Shy-Drager syndrome, characterized by pre-ganglionic sympathetic
disease documented in this case by severe orthostatic hypotension
together with normal basal plasma norepinephrine concentration that
failed to rise in the upright position. Another patient (23) had a
deficiency of sweating, but because of absence of orthostatic hypotension
and a twofold rise in norepinephrine in the upright position (41), she
was considered not to have a lesion of the noradrenergic sympathetic
system and was placed in the control group. Her melatonin rhythm
(Fig. 1) was significant. Interestingly, HPL patients had dramatic
suppression of melatonin mesor (Fig. 3) and rhythmicity (Fig. 4) similar
to the suppression of cortisol mesor and rhythmicity in patients with PAL.
In view of the report of absent urinary melatonin rhythm in patients
with cervical cord transection (31), it may now be appropriate to
consider tMe possibility of a distinct syndrome characterized by a
hypothalamopineal pathway lesion and suppressed melatonin rhythmicity.
Such a concept suggests that a pathway similar to that in animals controls
human melatonin secretion and thatsystemic melatonin in humans is
derived largely from the pineal gland.

An attenuated pineal melatonin rhythm has been reported in very
old hamsters (42). Though some HPL patients were abovte 60 years old,
this was also true of a PAL patient and two controls. Furthermore, we

41. Kopin IJ, Lake RC, and Ziegler MG: Plasma levels of
norepinephrine. Ann Int Med 88: 671-680, 1978.

42. Reiter RJ, Richardson BA, Johnson LY, Ferguson BN, and Dinh
DT: Pineal melatonin rhythm: reduction in aging Syrian hamsters.
Science 210: 1372-1373, 1980.

p1

97



have observed apparently normal melatonin rhythms in parkinsonlan
patients in this age range (43). This suggests that the absent melatonin
rhythm in HPL patients was not a reflection of their age.

Two patients with HPL (Fig. 2) showed a morning rise of cortisol to
greater than 15 Ipg/dl, well within the normal limits (10 to 25 pg/di) of
the laboratory for morning cortisol. Pr'ients with cervical cord lesions
and without a nocturnal rise in melatonin (31) also had a normal cortisol
rhythm. Since the melatonin rhythm can be present without a cortisol
rhythm (figs. 2 and 4), the rhythm of neither hormone Is driven by
that of the other. However, melatonin and cortisol acrophase were
correlated in control subjects for whom both hormones were measured,
with (p <0.001) or without (p< 0.05) inclusion of the BL group.
Cortisol followed melatonin by 4.4 to 9.3 hours in controls and by
5.8 to 8.4 hours in BL. Therefore, it is likely that both rhythms when
present are linked in time, which suggests a common central control
mechanism. This is not unexpected, since the glucocorticoid and
melatonin rhythms in rats are both controlled by the suprachiasmatic
nucleus of the hypothalamus (44, 45). An unusual melatonin acrophase
in the sighted subject who slept only during the day conforms to
previous findings of dependency of the melatonin rhythm on the sleep-
wake cycle (25). For two completely blind subjects, habitually
sleeping at night, acrophase outside control range for melatonin (in
both) and for cortisol (in one), as well as absent BL group hormone
rhythms despite significant individual rhythms, suggest that these
rhythms depend partly on the lighting "cycle, as has been suggested

43. Vaughan GM, Bell RD, and Boyar RM: Melatonin rhythm In
parkinsonism treated with a dopamine agonist. In: Pineal Function.
Matthews CD, and Seamark RF (Eds.). Amsterd-a-m: Elsevier/North-
Holland Biomedical Press B.V., Chap. 4, pp 19-25, 1981.

44. Moore RY, and Klein DC: Visual pathways and the central
neural control of a circadian rhythm In pineal serotonin N-acetyl-
transferase activity. Brain Res 71:17-33, 1974.

45. Moore, RY, and Eichler VB: Loss of circadian adrenal
corticosterone rhythm following suprachlasmatic lesions In the rat.
Brain Res 42:201-206, 1972.
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for cortisol (46, 47, 48). Whether normal timing of the rhythms in
some blind subjects was a result of chance occurrence In a population
with free-running rhythms, partial dependence of the rhythms on other
environmental cues or slight residual light perception is not known.

CONCLUSION

The human melatonin rhythm appears to be dependent on the
sympathetic nervous system, which system is usually thought to be
most active during stress. Paradoxically, the usual sleep time is
associated with the high point in circulating melatonin concentration.
Our finding of lack of melatonin response during acute stress is in
agreement with the results of others (49) and indicates that human
melatonin secretion is controlled separately from several elements
associated with the acute stress response. Relative independence of
melatonin and cortisol levels in our study is in agreement with a
reported inducible dissociation of melatonin and corticosterone
patterns in rats (50). Also in agreement with that report, human
melatonin appears more resistant to acute environmental influences
and may thus represent a more stable marker for the biological clock.
However, our results suggest a possible synchronization of the rhythms
of melatonin and cortisol with each other and the light-dark cycle by a
central mechanism. The neural pathway controlling the human
melatonin rhythm may be similar to that in experimental animals.
Burn patients have large elevations of plasma cortisol (Vaughan and
colleages, in preparation) and plasma catecholamines (Becker and
colleagues, in preparation) on a chronic basis, and catecholamine is
the physiological stumulus for melatonin production. We are preparing
to assess the melatonin rhythm in burn patients. This is all the more
important, because burn patients have evidence of altered hypothalamic
function, including an altered cortisol rhythm (Vaughan and colleagues,
in preparation), and the hypothalamus controls the melatonin rhythm
through sympathetic innervation of the pineal gland.

46. Krieger DT, and Rizzo F: Circadian periodicity of plasma
11-hydroxycorticosteroid levels in subjects with partial and absent
light perception. Neuroendocrinol 8: 165-179. 1971.

47. Dieckhues B: Die Bedeutung der Llchtperzeption durch das Auge
auf den Hormonhaushalt des Menschen. Klin Mbl Augenheilk 165:291-296,
1974.

48. Orth DN, Besser GM, King PH, and Nicholson WE: Free-running
circadlan plasma cortisol rhythm in a blind human sugject. Clin
Endocrinol 10: 603-617, 1979.

49. Akerstedt, T, Froberg, JE, Friberg Y, and Wetterberg L:
Melatonin excretion, body temperature and subjective arousal during
64 hours of sleep deprivation. Psychoneuroendocrinol 4:219-225, 1979.

50. Holloway WR, Jr., Tsui HW, Grota U, and Brown GM: Melatonin
and cortisocterone regulation: feeding time or the ligtit: dark cycle?
Life Sciences 25: 1837-1842, 1979.
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ABSTRACT

PROJECT NO. 3N1611023510-O0, BASIC RESEARCH

REPORT TITLE: ALTERATION OF HOST RESISTANCE IN BURND,
SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medioal'Center-,
Tort San Houston, Texas 78234

Period covered in'this report: 1 October 1980 - 30 September 1981

Investigators: Albert T. MoManus, Ph.D., Major, MSC
Jody Corregano, B.A., SP5
Camille L. Denton, M.A.

Reports Control Symbol NEDDH-288(R1)

A clinical trial of the experimental osphalosporin antibiotic
cefaulodin sodium (Abbott) has been initiated. Assessment is in
progress. Examination of in vitro sensitivity to oefsulodin following
its clinical introduction SsW n no evidence of the development
of resistance. Eight months post introduction sensitivity is 98.1% for5619 burn patient fler.us .. o isolates. The immunostimulatory
agent Oluoan has been Initially Invetigated for Its value in Lap'oVing
host resistance to Pseudomonas infection in burned rats. Intravenous
treatment prior to burning and infecting showed no benefit. Local
Injection into the burn site with delay in bacterial challenge appears
to be beneficial.

, Tissue Spreading Factors
Rat Model
Infection
Immunostimulants
Virulence Factors
Plasmids
Antibiotic Effects
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ALTERATIONS OF HOST RESISTANCE IN BURNED SOLDIERS

EVALUATIOW'OF-CMFSULDIN SODl* tr

A clinical trial of aefsulodin sodium (40bott) was
initiated during this-Peporting period. 'The 'atodX s designed to
evaluate the safety and efficacy of cefaulodin In the treatment
of Pseudomonas asrusinosa infections in burn patients and tO oom-
par* the safety and efficaoy of oetsulodin to agents totrr6Etly .
available for the treatment of Pseudomonas aeinfeotions
(Gentamicin, Tobramycin, Amikaoin, Carbenloiin"Or Tioaroillin).
Col Basil A. Pruitt, Jr. M.D. is principal investigator. His co-
investigators are: A. D. Mason, Jr., M.D., Col William F.
MoManus, M.D., and MaJ Albert T. Moanus, Ph.D. This report will

summarize the laboratory findings on Pseudomonas aeruanosa iso-
lated during this fiscal year. Clinioal evaluation is ongoing
and results will be reported in future reports.

A total of 565 strains were examined for antibiotic sen-
sitivity. The sources of patient isolates is presented in Table
1. These data are intended to reflect relative isolation fre-
quenoy of Pseudomonas aerugnosa in the laboratory.
As can be seen, the wound surface (wound swabs and contact
plates) was the most common site of isolation (36.570). The
second most common site was the respiratory system (28.27%) which
was followed by the flamed biopsy (sub-surface bacteria)
(16.25%1), which was followed by the urinary tract (8.17%).
Pseudomonas aeruignosa was Isolated 25 tiues (4.42%) from blood
cultures In at 14 patients. All other culture sources
resulted in less than 7% of isolates.

Antibiotic sensitivities were determined by diso-diftusi1n
agar overlay technique. Sensitivity was established using the
drug manufacturer's recommended zone size criteria. Sensitivity
data are presented in Table 2. As can be seen, cefaulodin has
maintained a high level of sensitivity (98.4%) despite the clini-
cal exposure of the drug during the isolation period. Other
tested oephalosporins were less active. Among the penioillins,
Piperaoillin was as active as Tioaroillin (95.3% vs 95%). An
unexpected finding was a lower frequency of CarbenTillLn #en-
sitivity than Tioaroillin sensitivity (40.2% vT t).' *l -t -
antibiotics are commonly thought to have very similar baoteru%..
spectra. Mezlooillin was introduced late in this report4
period. With the examination of only 20 strains, itt iif
to Judge this drug. High level aminoglyoocide reesi5t1i wa
observed (>80%).
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The m pnimum inhibitory oonsen';ration of oefsulodin for 460
7strains was dter sned llby broth dilution tehniqus. Drug was 

diluted in uller-Hinton Broth snd inoula ere s 10 CU. The
distribution of niC data are presented in Figure 1. The 
concentration iiiniing 50% ot strains was 1.0 g/ml which isloe than thai'found during the last reporting period IMHIC5o x
3.1 ug/al). The percent of strains sensitive to oefou -lod-in was
97.175. This compares well with the disc diffusion data (98,.4%).-

The distributions of disc diffusion Inhibition zones for
the examined antibiotics are presented In Figures 2 - 11.
Vertical dividing lines in the histograms are the recommended

zone diameters representing in vitro sensitivity (3) and
resistance CR). The central zone represents intermediate
sensitivity (I).

"EXAMINATION OF ANTIBIOTIC SENSITIVITY
AS A FUNCTION OF SOURCE OF ISOLATION"

As shown in Table 1, >94% of isolated specimens came from
six identifiable sources. The sensitivity of Pseudomonas
aeruginosa to selected antibiotics was examined between sources,.
Data are presented in Table 3. On examination, there appeared
to be a relative increase for some antibiotics in sensitivity of
strains isolated from the blood and within wounds (flamed biopey
specimens) when compared to all other sources. This possibility-
was tested by sorting the Pseudomonas sensitivity data on those
patients who had positive Pseudoonas blood cultures. The
distribution of isolation aud patients with positive blood
cultures is presented in Table 4. Again it appeared that strains
found in the blood and within the wound (flamed biopsy) we rmoe w
sensitive than Pseudomonas isolates from other sources vwthif'the-
same patient population. This possibility was tested by
comparing the oambination of blood and biopsy data to all other
sources for the same antibiotic. The comparison is presented in
Table 5. For unknown reasons, in this group of baoteremio
p9tients,. invasive strains are more sensitive to Amikaoin,
Gentamyoin, Carbenicillin and Tetracyclines.

4F
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"EXAMINATION OF PARTICULATE GLUCAN AS A
POSSIBLE NONSPECIPIC IMMUNIZ!r"f ENT IN

EXPERIMENTAL BURN WOUND SEPSIS"

Gluoan is a water insoluable complex polysaooharide
material extractable from Saooharomyoes cerevislae. Glujad has
been shown to be active as a nonspeoific Immunostlmulant .

We have investigated particulate glucan for its possible
effects on host resistance in the Walker-Mason Pseudomonas
infection model. Initial experiments were to examine the effect
of intravenous injection prior to burning and surface
inoculation. Male rats (200g) were given 4 mg of Glucan I.V.
seven days, 5 days and three days prior to burning and infection.
Control groups were a saline group injected in the same course as
the Glucan and a burned infected group. Results are presented in
Table 6. As can be seen I.V. Glucan at this dose had no positive
effect.

Topical application of Glucan was next investigated.
The rationale for this approach was that perhaps the failure of
systemically administered Glucan was because of the loss of
vascular delivery to the wound and that topical Glucan would
improve local immune function. Glucan was prepared in a base
similar to those used to deliver currently available topiqal
antimicrobial agents, creams containing 5%, 2.5% and 1% w/Wwere
prepared. Creams were applied to rats six hours after burning
and infecting. Treatment was continued daily for ten days or
until death. Controls included A Glucan free cream group and
the controls used in the I.V. experiments. All infected animals
died.

The next approach was to introduce Glucan by injection
into the burned area and delay Pseudomonas challenge. An
experiment was conducted to determine the susceptibility to
Peeudomonas infection following infliction of the scald wound.
Sixt 5rats were given 30% full thickness injuries. Groups
of ten were inoculated with Pseudomonas aerusi ea strain
1244 ( 10 0 CFU) at 24 hour Intervals for ive days:. Burned
uninfected rats were used as controls. Figure 12 shows that rats
lost susceptibility by four days post injury. Gluoan was
tested by injecting animals imediately following injury with

1. DiLuzio NR, Williams DL, MoNamee RB, Edwards B, and
Kitahama A: Comparative Tumor-Inhibitory and Anti-Bacterial
Activity of Soluable and Particulate Glucan. Int J. Cancer
1979, Vol 24: 773-779

i06.

i ":'' ' ' - " /--- -- " - -- ... . -.. . . "' -- -- -- "



ll (10 mg/ml) divided into four injection sites. Controls
were injected with 5% dextrose in water. Animals were challenged
with 1244 72 hours post burning. Results are presented in
Table 7. These preliminary data suggest that Gluoan is
beneficial. Additionally, they introduce the possibility that
local as well as systemic immunity may be a goal in improving
host resistance following burn injury.
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*Table 1. Specimen Origins For Antibiotic Survejyd P
aei'usinosa isolated between I Oct 1980 m' .

SOURCE NUMBER LZERCUIT

Wound Swab. 80 111.13

Blood 25 4.4- 2.

Biopsy 92 16.25

Sputum 160 28.27

Contact Plates 127 22.44

Urine 416 8.13

Hisc. Sources 356.36

565
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Table 2. Antibiotic Sensitivity Patterns Of Pseudomonas

oct 1980 and 30 rO burn.

*PERCENT STRAINS

SENSITIVE TESTED

Aminoglycosides:

Amikacin 15.9 565
Tobramycin 9.2 402
Gentamycin 17.14 563
Kanainycin 0 5614
Neomycin 4.5 5514
Streptomycin 0.41 5641

Penicillins:

Ampicillin 0 559
Carbenicillin 40.2 565
Ticarcillin 95 5614
Piperacillin 95.3 553
Meziocillin 60 20

Cephalosporins:

Moxalactam 86.7 558
Cefotaxime 1.1 179
Cefmenoxime 29.8 302
Cefsulodin 98.41 5611

Other Classes:

Polymyxin B 98.9 5614
Colistin 98.8 565
Chioramphenicol 0 565
Tetracycline 3.7 5641
Sulfonamides 1.7 5143
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Table 3. PseudouonAs aeruxinosa isolates by Source of Isolation and
Percent Sensitivity to Selected Antibiotics.

Wound Contact Flamed
Swab Plate Blood Biopsy Sputum Urine Misc

Aminoglycos ides:

Amikacin 16.3 13.4 32 24. 14.4 10.9 5.6

Gentamycin 21.3 12.6 28 24. 16.3 17.4 5.6

Penicillins:

Carbenicillin 48.8 241.4 64 41.3 48.1 34.8 27.8

Ticarcillin 98.8 97.7 .100 94.6 90.7 87. 100

Cephalosporin:

Moxalactam 86.3 87.14 88 91.3 81.3 74. 94.4

Tetracyclines 3.8 2.41 16 8.7 0.7 4.4 0

11
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Table 4. Pseudomonas aeruginosa isolates by Source of Isolation and
Percent Sensitiyity From Patients With Positive Pseudomonas
Blood Cultures.

Wound Contact Flamed

Swab Plate Blood Biopsy Sputum Urine Misc

Aminoglycosides:

Amikacin 16 14.3 32 31.9 17.8 5.9 5.9

Gentamycin 24 21.4 28 41. 25.9 23.6 5.9

Penicillins:
Carbenicillin 40 25 64 56.9 48.4 47.1 23.6

Ticarcillin 100 100 100 97.8 88.8 100 100

Cephalosporin:

Moxalactam 64 75 88 93.2 77.4 82.4 100

Tetracyclines 4 7.1 16 16. 1.7 11.8 0

1 25 Positive Blood Cultures in 14 Patients, 1 Oct 1980 - 30 Sep 1981.
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Table 5. Relative Antibiotic Sensitivity Of PseUdomonag aezugosa
Isolated From Blood and Biopsies When tompared - il7other
Sources of Isolation in Patients with Pseudomonas
Bacteremia.1

HYPOTHESIS: Blood and biopsy isolates were more sensitive to selected
antibiotic than strains isolated from all other sources.

ANTIBIOTIC TRUE FALSE SIGNIFICANCE2

Amikacin X P a.002

Geritamycin x P =.029

Carbenicillin X P =.006

Moxalactam X P a.39

Tetracyclines X P a .006

1. 25 Ep,,sodes in 14I Patients 1 Oct 1980 -30 Sep 1981.
2. Chi Square Analysis.
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Table 6. Effect of Intravenous Particuite Glucan* on Experimental
* I Pseudomonas Burn Wound Sepsis

* MORTALITY

Days Postburn Inoculation TOTALITREATMENT 0 1 2 3 4 5 6 7 8 9 10 DEAD

*Glucan + infection - - - - - 1 3 11 1 - - 16/16

Saline +infection - - - 1 1 - 2 - 4 3 6 17/17

Infection alone - - - - - 1 1 4 5 2 5 18/18

*Glucan (4 ug) I.V. 7, 5 and 3 days prior to burning and inoculation

0#200 gram rats 30% scald inoculated with 108 CPU strain 1244
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Table 7. Effect of Intrashar Injection of Gluoanl On Susceptibility
to Fatal Pseudomonas Burn Wound Sepsis

TREATMENT SURVIVAL TOTAL,

EXPi1 EXP 2

IGluoan (10 mug) 5/6 6/10 11/16

Dextrose (5%) 0/6 2/10 2/16

lGlucan was injected below the burn site following 30% scalding of
200g rats.



CUMULATIVE PERCENT INHIBITION AS A
FUNCTION OF MIC OF CEFSULODIN IN 460
BURN WARD ISOLATES OF
PSEUDOMONAS..................

z
090. AERUGINOSA
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Z 60 50% INHIBITION.
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EFFECT OF TIME OF SURFACE INOCULATION ON SUSCEPTIBILITY
TO FATAL PSEUDOMONAS BURN WOUND -SEPSIS OF THE 30%

SCALDED RAT
100
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24 48 72 96 120
POST BURN TIME OF INOCULATIOI
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PSEUDOMONAS AERUGINOSA STRAIN 1244 10OCFU

FIGURE 12
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23. (U) Evaluation in terms of draping characteriistics, absorbency,
physician acceptance, and bacterial barrier qualities of a Spunbonded
Olefin-cellulosic Laminated sheeting as surgical drapes and gowns. A
decrease in bacterial seeding of operative wounds via drapes will
minimize postoperative wound infections decreasing subsequent morbidity
and mortality in injured troops.

241. (U) Laboratory assessment of bacterial barrier properties of
synthetic sheeting. Clinical use of drapes on burn patients to
determine surgeon acceptability. Photographic documentation of draping
characteristics, absorbency, and "run-off". Pre-and post-operative
cultures at margin of operative field. Temperature monitoring to
determine heat transmission characteristics.

25. (U) 8010 - 8109. The bacterial barrier function of 10 samples of
non-woven synthetic drape materials has been further tested using the
assay developed in this laboratory. Differences between organism
penetrating ability and drape penetrability were both evident. The
Klebsiella pneumoniae and Pseudomonas aeruginosa test strains penetrated
more consistently than the he ou ts organisins. The least resis-
tant drape material permitted penetration of baoterit at 941.5% of test
sites, while bacterial penetration occurred at only 7.1% of test sites;
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in the best drape material. Drape characteristics were the predominant
determinant of bacterial penetration. Since all of the synthetic
sheeting materials functioned as ineffective microbial barriers in an
absolute sense, none can be recommended for clinical use at this time
and the project has been terminated.
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ABSTRACT
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The bacterial barrier properties of 10 samples of non-
woven synthetic surgical drape material were tested using an assay
developed at this Institute. The transmission of each of five
different bacteria (Pseudomonas aeruginosa, Staphylococcus aureus,
Esoherichia coli, Klebsiella pneumoniae, and Serratia marcesoens)
suspended in liquid culture media and inoculated on samples of
each of the 10 drape materials was determined in seven replicate
trials of each material.

Differences between organism penetrating ability and drape
penetrability were both identified. The Pseudomonas aeruginosa
and Klebsiella pneumoniae test strains penetrated the drape
materials with greater frequency than the other test organisms.
The synthetic drape materials, on the basis of bacterial
penetration, could be classified into those showing little bac-
terial barrier function and those materials showing variable
resistance to bacterial penetration. The penetration of bacteria
at inoculation sites on those materials having little barrier
property, ranged from 78% to 95%. In those materials showing some
bacterial barrier property, penetration occurred at from 68% of
test sites to as few as 7% of test sites in that material showing
the greatest resistance to microbial penetration. The physical
characteristics of the drape material appeared to be the predomi-
nant determinant of microbial penetration. None of these nonwoven
synthetic surgical drape materials functioned as an absolute
microbial barrier. The composition and the processing which
appear to compromise the microbial barrier properties of these
materials are apparently necessary in order to produce a material
with clinically acceptable draping characteristics. None of these
materials can be recommended for clinical use at this time and the
project is terminated.
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EVALUATION OF SYNTHETIC SHEETING AS OPERATING ROOM
DRAPE MATERIAL FOR USE IN A MILITARY BURN UNIT

Standard surgical drapes made of muslin or cotton, once they.
become moistened in the course of a surgical procedure permit
ready penetration of bacteria and other microorganisms. Single
use disposable synthetic drape materials which are now used in
over half of all operative procedures performed in the United
States are considered to possess bacterial barrier properties
superior to those of cloth drape materials and prevent microbial
migration into the surgical field and the operative wound. The
synthetic drape materials which are easily disposable show
decreased linting and, in earlier studies, did show good
resistance to bacterial penetration. The poor draping charac-
teristics of the earlier synthetic drape materials and the fact
that such materials permitted quantitative run-off of liquids
from the operative field onto the surgeon limited their clinical
acceptance. Consequently, the composition and the processing
used in the production of the nonwoven 3ynthetic drapes has been
modified to improve the draping characteristics and "soften* the
material. Such alterations of the ncnwoven fabrics does indeed
improve their draping characteristics but has adversely affected
their bacterial barrier function. Testing of newer forms of
"softened" nonwoven synthetic drape materials has been carried
out to evaluate the adequacy of their microbial barrier function.

Methods

Disks of the synthetic drape materials, 90 mm in diameter,
were cut, gas sterilized, and placed on the surface of blood agar
culture plates. The top-bottom orientation designated for each
sample of drape material was observed with the upper surface of
the disk corresponding to the side of the drape which would not
be in contaot with the surface of the patient. Six drops of an
overnight TZ b troth culture of each bacterial strain used for
testing were placed at equidistant intervals on each disk. The
spacing permitted differtitiation of individual areas of growth
of the test organism, if it penetrated the test material. The
drops of bacteria-containing broth were left in position on the
drape material for four hours at room temperature, following
which any remaining culture liquid was removed using a
micropipette. The disk of draping material was then carefully
removed and the plate incubated overnight at 370 C. Penetration
of the drape material was considered to have occurred if growth
of the bacterial test strain was apparent at any site where it
had rested on the material. If confluent growth occurred which
encompassed two inoculation sites, each of. the sites involved was
considered as a site of penetration although it would be theore-
tically possible for organisms from a single site ofrpenetration
to spread over adjacent sites under the disk of drape material.
Each of 10 drape material samples was tested for penetration by
Pseudomonas aeruginosa, Staphylococcus aureus, lecheriohia ooi,
Klebsiella pneumoniae and Serratia marsesoens. Seven replicate
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trials of each drape material for each organism were carried out
- a total of 2,100 inoculation sites.

Results

The percentage of penetration of each drape material by all
test strains is shown in the Table. There is identifiable micro-
bial genus-specific variation in penetrability within drape
materials, but a greater difference was observed between
materials in terms of overall microbial penetration. The percen-
tage of inoculation sites at which bacterial penetration occurred
was least in sample number 9 with transmission occurring at 7.1%
of inoculation sites. The per cent of inoculation site penetra-
tion in the other samples ranged from 17.1% to 94.5% with the
highest rate of penetration occurring in sample number 7.

Discussion

The 10 samples of nonwoven synthetic drape material which
were tested showed considerable variation in microbial penetra-
tion which ranged from 7.1% for sample number 9 to 94.5% for
sample number 7. Analysis of the results indicates that there
are differences both between drape material samples and between
organism penetrability with the former being of statistical
significance. Drape material penetration was greatest by
Klebsiella pneumoniae and Pseudomonas auruginosa organisms and
least by Staphylococcus aureus. On the basis of percentage of
inoculation sites penetrated, two groups of drape materials can
be identified, i.e., those with little or no resistance to bac-
terial penetration and those with variable resistance to bac-
terial penetration. The rate of penetration in the materials
showing little resistance to microbial transmission ranged from
78% for sample number 8 to 94% for sample number 7. The rate of
penetration of inoculated bacteria in those drape materials
showing some barrier function ranged from 7.1% to 67.6%. In
addition to sample number 9, which permitted penetration at only
7.1% of inoculation sites, sample number 1 permitted penetration
at only 18.1% of inoculation sites and sample number 6 permitted
penetration at only 19.5% of inoculation sites. The mean inci-
dence of penetration in the three materials showing the least
resistance to bacterial penetration was 87.9% while the mean
penetration in the samples showing the greatest resistance to
bacterial penetration was only 14.9%.

These further studies confirm earlier tests indicating that
drape composition is of importance for the bacterial barrier
function of nonwoven synthetic operating room drapes. None of
the materials tested in this group of samples performed as well
as certain previously tested samples and little progress in pro-
ducing a drape possessing an absolute bacterial barrier proper-
ties has been made. Alterations in drape composition and
processing which appear to be necessary to produce material with

ro e e n 
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clinically acceptable fabric characteristics appear to diminish
the resistance of the materials to bacterial penetration. Since
none of the materials tested functioned as an absolute microbial
barrier, none can be recommended for clinical use at this time
and the project is terminated.
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P23. (U) Burns constitute a large component of military injuries sus-
tained in combat. Military relevance of this research lies in the fact
that infection and ensuing sepsis are major problems among burned
soldiers. Control of surface infection is a major objective, and species
of organisms causing sepsis, epidemiology, response of significant
species to topical chemotherapy modalities, and relation of antibiotics
to sepsis control are major study areas.
241. (U) Culture of human wounds, tissues and body fluids are carried
out with precise strain speciation and differentiation being employed.
Virulence is assesded in burn wound models which are used to assess
experimental drugs, both topical and systemic.
25. (U) 8010 - 8109. Pseudomonas aeuins continued as the principal
bacterial species isolated (7119 strains). Other significant species
were: Providencia st .uartii (4175); Stapyoooccus aureus (332),
Srpooccus viridans (266); Klebsella neum a (0) sacheriohia

coi 20)an-3tapM ocu evdri (18.Ilood culture results
were positive for- specimens o 49submissions. Of positive-blood
cultures, 413 (30.9%) were Pa. aeruginrosat 31 (22.3%) were Pray. atuartii,
18 (12.9%) were Staph eidermidi*117.9%) were Staph. aureus and1
(7.1%) were Kleb. touonaetal of 20 species were isolated from
blood cultures. Peomnant wound flora isolates were in decreasing
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fo hundred and eight strains of bacteria, including 14 species, were
t by MIC procedure for sensitivity in 1980-1981. Sources were pri-
m blood culture and wound biopsy; sputum cultures made up the re-
m :. Pseudomonas aeruginosa and Providencia stuartii were the
p )al species represented from blood cultures. For unknown reasons
a Lpitous drop in the number of strains of Staphylocdccus aureus from
b :ulture occurred. The few strains of Staphylococci tested were
m ansitive to the whole antibiotic spectrum than were any previous
s Bsted. Pseudomonas aeruginosa strains became somewhat more sensi-
t ) gentamicin, tobramycin and amikacin during the year, as they did
t :acyclines. Klebsiella pneumoniae and Enterobacter cloacae were
m :ely sensitive to aminoglycosides and to tetracyclines. Provi-
d stuartii was sensitive in 58% of isolates to amikacl.a and to no
0 antibiotics.

A tic sensitivity
P msnas
B 3unds
P 3ncia stuartii
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS
WITH THERMAL INJURY -- ANTIBIOTIC SENSITIVITY OF CURRENT

MILITARY BURN PATIENT FLORA

Antibiotics are an indispensable part of the armamentarium for con-
trol of infection in burn patients. However, the opportunistic nature of
much of the burn flora has as a corollary a heterogeneous spectrum of re-
sistance patterns. This is, perforce, the flora involved in invasion or
potential invasion of viable tissue adjacent to the burn wound. It has
been shown to be counterproductive to assay sensitivity of the entire
colonizing flora. Only those strains which exhibited invasive potential
on wound biopsy or those recovered from blood culture were routinely
tested for MIC against a standard battery of selected antibiotics.

It has been pointqd out in another section of this report that the
number of patients exhibiting bacterial invasion appeared to diminish
again in 1980-1981, a trend first commented on in 1979-1980.

STRAINS TESTED AND ANTIBIOTICS EMPLOYED

Fourteen species of bacteria and 208 strains were tested by tube
dilution Minimum Inhibitory Concentration (MIC) technic. The number of
strains tested was the smallest observed in the past 15 years. This
decrease is not solely explained on the basis of a smaller number of pa-
tients admitted; there was a continuing drop in the percentage of patients
who exhibited sepsis. A comparison of numbers of strains of the major
species involved is shown in Table 1. In this year, only two species
were tested in significant numbers: Pseudomonas aeruginosa and Provi-
dencia stuartii. The predominance of Pseudomonas is of long standing,
but Providencia had not been seen in large numbers since 1974. Enteric
species which have been important in nosocomial outbreaks, especially
Klebsiella pneumoniae and Enterobacter cloacse, were recovered in only
a few patients in 1980-1981.

TESTING SYSTEM FOR ANTIBIOTICS

The test battery of antibiotics routinely used in this Institute
is set down in Table 2. It has not been changed in the last two years,
although experimental evaluation of additional drugs has been carried
out. The test set is subject to revision as new antibiotics become
available and sensitivities of offending microorganisms change.

Dilutions for all antibiotics except carbenicillin and ticarcillin
were adjusted to range from 25 mcg/al to 0.78 mcg/ml. Carbenicillin
and ticarcillin were tested in final concentrations between 1250 meg/ml
and 4.5 mcg/ml. The upper level of inhibition which was regarded as
placing an organism in the sensitive range was set at 6.25 mcg/ml for
gra-positive species (primarily Staphylococci and Streptococci) and
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Table 1. Species of Bacteria Tested for Antibiotic MIC: 1976-1981

Year and No. of Strains Tested

Species 1976-77 1977-78 1978-79 1979-80 1980-81

Staphylococcus aureus 200 345 245 78 14

Staphylococcus epidermidis 102 35 25 20 20
Streptococcus op. 44 31 13 10 4
Pseudomonas aeruginosa 184 71 166 84 99
Klebsiella pneumoniae 177 25 15 13 14
Enterobacter cloacae 43 19 0 12 7
Escherichia coli 34 45 16 11 8
Serratia marcecens 14 4 5 0 0
Providencia stuartii 1 0 0 6 38
Proteus mirabilis 38 20 8 6 2

Table 2. Antibiotics Used in I4IC Assessment of Sensitivity
1 October 1980 - 30 September 1981

GRAM-POSITIVE ORGANISMS GRhM-NUG&TIVK ORGANISMS

Antibiotic Syubol Antibiotic

Gentanicin G Gentaicin G
Tobramycin To Tobramycin To
Oxacillin Ps Kanomycin K
Mthicillin Sc Amikacin Ak
Ninocin M Kinocin M
Vibramycn Vb Vibrasycin Vb
Keflin Kf Keflin Uf
Vancomycin Va Colistin Co
Clindamycin Cl

11.0



I
12.5 mcg/ml for gram-negative species. In the case of carbenicillin
and ticarcillin, which were tested only against P. anru~tnosa, the upper
lmit for designation as sensitive was set at 312 mcg/ul.

SENSITIVITY OF BURN PATIENT FLORA TO ANTIBIOTICS

Staphylococcus aureus, which has for years ranked high numerically
as a cause of bacteremia, fell to an unprecedented low level during this
year. For some time the testing routine has included all strains isolated
from wound biopsies. This policy ensures minimal delay in making the sen-
sitivity pattern available in those instances in which a positive biopsy
connotes active tissue invasion. Nevertheless, with both blood stream
and biopsy isolates tested routinely, there were still only 14 strains of
S. aureus tested. Twelve of these isolates were from blood stream, one
from biopsy, and one from sputum. Table 3 summarizes these results. The
sample was small, due to the abrupt decrease in sepsis due to Staphylococci
in 1980-1981, but even so, the increase in strains highly sensitive to all'
categories of. antibiotic was striking. The aminoglycosides and vancomycin
were completely effective. The semisynthetic penicillins were entirely
effective, with only Vibramycin permitting growth of one strain. Van-
comycin, long the drug of choice, required 6.25 mcg/ml to suppress all
strains tested, although most were suppressed by lower dosage levels.
All strains were suppressed by clindamycin.

Comparison of antistaphylococcal activity over the past 8 years (Table
4) places this year's group of strains in marked contrast to earlier years.
The entire set tested was inhibited by less than 6.25 mcg/ml of each anti-
biotic. The earlier fluctuations observed for the aminoglycosides, the
methicillin group, and at times even the tetracyclines and clindamycin,
were not manifest in this small series. The sensitivity of these iso-
lates differed from those collected in earlier years.

Staphylococcus epidermidis. Attention has been called to the in-
creasing incidence of S. epidermidis in the blood in the early poetburn
period. There were no instances in this series in which actual sepsis
developed, and all but one of these patients yielded only a single
positive blood culture. Nor has S. epidermidis burn wound sepsis been
seen, so that there appears to be no clinical problem due to this species.
One patient, undergoing a prolonged and ultimately fatal course, had
three positive blood cultures over a 9-day period. The sensitivity of
these isolates from 18 patients is summarized in Table 5. The strains
were heterogeneous in response. Although most of them were inhibited
by each antibiotic at the 6.25 mcg/nl level, there were isolated resis-
tent to seven of the ten antibiotics tested. The resistant tendency
appeared with the same antibiotics in the 1979-1960 collection of
strains.

Streptococci. Only four strains of Streptococci, all S. vvzIi4w,
were recovered in blood culture during this year (Table 6). Percentage
of strains is meaningless with such a small number, and the eterogeiaty
of this population is suggested by the variations in inhibiting levels.
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Table 6. Sensitivity of 4 Strains of Streptococci

Antibiotic and Inhibiting Level mea/mi
Strain G To Ps Sc U M Vb Kf Vs C1

1 25.00 >25.00 < 0.78 12.59 3.12 12.50 25.00 25.00 3.12 12.50

2 12.50 12.50 6.25 < 0.78 3.12 12.50 6.25 12.50 3.12 >25.00

3 12.50 >25.00 12.50 3.12 12.50 < 0.78 < 0.78 >25.00 < 0.78 < 0.78

4 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78 < 0.78

It was apparent that variations made generalization meaningless, with
one exception: all the Streptococci tested were sensitive to vancomyein.

Pseudomonas aeruginosa. This species was numerically predominant as
a cause of bacteremia and septicemia in 1980-1981. Ninety-nine of the 208
strains tested were P. aeruginosa. From the chronology of events, it was
extremely probable that some of these episodes fell in the category of
epidemic outbreaks. Table 7 summarizes the sensitivity patterns observed.
There were among these strains 31 from blood culture, 59 from biopsy,
five from sputum and four frm eye cultures. More than half of the strains
were inhibited by 12.5 mcg/ml of gentamicin and by amikacin; the other
aminoglycosides were minimally active. Minocin inhibited 92Z at the

sensitivity level, but Vibramycin inhibited only 782. Colistin was
completely effective in inhibiting Pseudomonas strains, and carbenicillin
and ticarcillin were active at the 312 mcg/ml level for almost all stralns.

Comparison of sensitivity to the major antibiotics effective against

P. aerusinosa over recent years reveals resistance to have developed, only
to be replaced by more sensitive populations. Table 8 summarizes this
data since 1974. Gentamicin had already decreased in proportion of sen-
sitive strains to 61.8Z of strains tested in that year. Sensitive strains

decreased steadily to a low of 19.12 in 1976-1977, and the proportion
was little changed until 1980-1981, when sensitive strains increased to
64Z of the total. Sensitivity to tobramycin was low in all years except
1976-1977, when 61.6Z of strains were sensitive. Amikacin, first used
in 1976-1977, was highly effective in that year; since that time the
sensitive proportion of strains has ranged from 601 to 732. MInocin was
unique in that, during the first two years of testing, few strafns were
sensitive, but since 1976-1977, sensitive strains have risen from 58.92

to a high of 92Z in 1980-1981. The analogue Vibrmycin has paralleled
Minocin but at a slightly lower level. Colistin has remained highly
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Table 8. Sensitivity of Pseudomonas aeruginosa to 3 Aminoglycosides,
2 Tetracyclines, Colistin and 2 Semisynthetic Penicillin8

Year and Z of Strains Inhibited bX 12.,5 mca/ul
Antibiotic 1974 1975 1976-77 1978 1979 1980-81

Gentamicin 61.8 40.0 19.1 19.7 25.9 64.0

Tobramycin .... 18.5 61.6 17.0 4.0 21.0

Amikacin .... .... 98.3 60.0 73.5 68.0

Minocin 15.7 16.8 58.9 72.2 86.7 92.0

Vibramycin .... 20.0 43.6 63.6 60.8 78.0

Colistin 93.3 86.3 89.3 91.3 94.6 100.0

Carbenicillin* 70.8 68.8 58.6 62.0 86.0 96.5

Ticarcillin* .... .... .... .. 89.4 96.7

* Upper limit to be regarded as sensitive: 156 meg/ml.
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effective during the entire testing period. Carbenicillin inhibited
70.82 of strains in 1974; this level fell to 58.6Z in 1976-1977, but
has steadily risen since to the current 96.5Z. Ticarcilln essentially

paralleled these figures for the two years for which data are avail-
able.

Klebsiella pneumoniae. This species has for two years been in low
incidence; only 14 strains were tested. Twelve of these were from blood,
one from sputum and one from biopsy. Eight patients were involved,
distributed over the whole year. There was no indication of epidemic
involvement, and only two patients had repeated positive blood cultures.
The range of sensitivity is shown in Table 9. Sensitivity to amino-
glycosides was markedly decreased from strains tested in the previous
year. It was especially notable that sensitivity to smikacin fell from
100Z in 1979-1980 to 152 in 1980-1981. The tetracyclines were still the
most effective antibiotics tested.

Providencia stuartii. This species had for five preceding years
been recovered rarely; in two years, no isolates were recovered at all.
As late as 1973, a prolonged burn ward epidemic of this species had oc-
curred, and in that year it was the species most coimonly recovered in
blood cultures, wounds and sputum. In 1979-1980, the species reappeared
in patients in the burn ward, and in the current year it became numeri-
cally more conspicuous. Thirty-eight strains were tested; of these 19
were from blood, 16 from biopsy and three from sputum. Sixteen patients
were the source of these cultures. The previous incursion of Prov.
stuartii was marked by an almost complete resistance to the standard
battery of antibiotics. This set shows much the same pattern. Table 10
summarizes the results of testing these strains. it is at once evident
that only amikacin had any effect on these Providencia strains. Over
half would have been designated as sensitive with the 12.5 mcg/l cut-
off designation. It may be added that the colonization of burn patients
by this relatively rare opportunist was not accompanied by as marked
systemic sepsis among the patients as had previously been the case.
Whether this minimally invasive behavior will continue is a question
that further monitoring may answer.

Escherichia coli. This and four other species of Rterobacteriaceae
were recovered in small numbers this year. However, their sensitivities
are reported since there is no assurance, on the basis of previous experi-
ence, that any one of these species infrequently encountered in septicemia
sight not convert to a major epidemic strain. The cusmlative sensitivity
levels for R. coli are shown in Table 11. The strains were most sensitive
to gentamicin, to Ninocin and to colistin. Keflin was effective at the
502 range. The variations in sensitivity indicate the heterogeneous
origin of the strains.

gnterobacter cloacae. This enteric species is the last of ComM-
quence recovered from biopsies (6) and blood culture (1) during this
period. Four patients yielded this species. Since the orIan bed a
record of causing severe epidemic episode of sepsis on the burn ward in

lieI
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past years, the sensitivity of this small collection is set down in Table

12. Five of the seven strains were relatively sensitive to three of four
aminoglycosides. The strains varied in response to tetracyclines, were
resistant to Keflin and sensitive to colistin. These values were much
more in the sensitive range than those observed at the end of the last
epidemic episode of Enterobacter cloacae. In that collection, in 1977,
strains were essentially resistant to gentamicin, Kantrex, and Keflin.
They were highly sensitive to Minocin and to Vibramycin, and, in the
first year of use, to amikacin.

The remaining species were recovered in inconsequential numbers
and their sensitivity values cannot represent a significant sample of
these bacteria. The minor isolates include Enterobacter aerosenes (1),
Citrobacter diversus (i), Aeromonas hydrophila (1), Acinetobacter
lwoffii (1), Citrobacter amalonaticus (1) and Proteus mirabilis (2).

DISCUSSION

The epidemologic phenomenon of especial note during 1980-1981
was the reduction of S. aureus to a minor role in the cause of sepsis
in severely burned patients. The only continuing epidemic species was P.
aeruginosa. Formerly important enteric species, Klebsiella pneumoniae
and Enterobacter cloacae, were not conspicuous at any time. The reap-
pearance of Prov. stuartii as a cause of septicemia and tissue invasion
was the other new phenomenon. Although not as numerous as in the epi-
demic years, they were sufficiently frequent in sepsis to be of concern.
The sensitivity of these isolates was disturbingly low; only amikacin
showed significant activity against this species. Its further course
in the burn ward merits close surveillance.

The drop in incidence of S. aureus makes current assessment of sen-
sitivity to antibiotics, particularly to the semisy~thetic penicillins,
impossible. Such observations have, for the present, stopped with the
1979-1980 reporting period.

PRESENTATIONS/PUBLICATIONS - None
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ABSTRACT

PROJECT NO. 3M161102BS10-00, BASIC RESEARCH

REPORT TITLE: STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE
OF TROOPS WITH THERMAL INJURY -- SEROLOGIC TYPES OF
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US Army Institute of Surgical Research, Brooke Army Medical Center,
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Investigators: Robert B. Lindberg, Ph.D.
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Serotyping of Pseudomonas aerusinosa was carried out on 608 iso-
lates from 79 patients. Specimens were primarily sputum and wound
cultures. Serotypes antigenically distinctive totalled 29, a marked
increase from the previous year. For the first time in this series of
observations, a monotype epidemic was shown to have occupied the In-
stitute of Surgical Research burn wards for the entire year; 85.8Z of
all isolates typed were type 15. The remainder of strains were scat-
tered over 28 types, with only type 11 showing a transient numerical
predominance. The typing approach is valid, valuable and relatively
effective. There are discrepancies in the typing sera that merit
further effort to perfect the system.

Pseudomonas
Burns
Serotype
Infection
Epidemic
Humans
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I
STUDIES OF INFECTION AMD MICROBIOLOGIC SURVEILLANCE OF TROOPS

* WITH THERMAL INJURY -- SEROLOGIC TYPES OF PSEUDO4OHAS AERUGINOSA
FOUND IN BURNED SOLDIERS

Pseudomonas aeruginosa has remained a prominent feature of the
burn flora in patients in this Institute for more than 20 years. The
total of patients harboring this important burn pathogen can vary over
periods of a year or more, as can the incidence of sepsis due to Pseudo-
monas, but the organism has not been reduced significantly in incidence
over any period of time. Burn ward epidemics in which one strain of
this organism predominated in the burn flora have been repeatedly docu-
mented. Recognition of a nosocomial epidemic is essential if there are
to be any attempts at control of the episode.

The P. aerusinosa population in the Institute of Surgical Research
wards has been continuously monitored at the basic level of differentia-
tion of individual isolates since 1960. Phage typing, using the ISR
typing set developed here, is the most precise and accurate technic
available, but since 1976 it has not been possible to sustain this time-
consuming and exacting procedure. The serotyping technic, using the
17-factor set proposed by an -.ternational committee, has shown a degree
of specificity and sensitivity that permits a useful differentiation of
strains, although the somatic antigen approach leaves groups of strains
which could be separated by more sensitive technics.

As was described in the 1979-1980 report, typing was facilitated
by dividing the 17-type set into two sub-sets. The first set, contain-
ing factors 3, 4, 6, 8, 9, 10, 11, 15 and 16, is used on all strains
typed. Experience has shown that over 90% of typable isolates tested
will react with one or more of these series. Negative reactors are
tested with the remaining eight factors. In addition, strains from
each group of isolates are checked with these second-set sera, to ensure
that additional factors in the organism are not overlooked. Most typing
was done on live-cell suspensions. Autoclaved suspensions added a small
number of typed strains that would otherwise have been missed. However,
in no instance would an epidemic pattern have been altered had duplicate
typings been done. The autoclaved suspension is a useful adjunct in
complete typing, but it is not a means of characterizing a large number
of otherwise untypable strains.

TYPES OF PSEUD0MOKAS AERUGINOSA OBSERVED

Five hundred and ninety-seven of 608 strains of P. earuln.a were
typable during this observation period. The strains were collected from
79 patients. The distribution of types recovered is shown in Table 1.
There were 29 different types recognized, but only one, type 15, we prem-
sent in a large preponderance over all others. Although in other ymrs
smaller groups of strains were present briefly in epidemic proportiom, this
cannot be detected in the 1980-1981 collection. The type. recovered Is the
years since 1976 show the successive changes that have occured. Slow
1978-1979, the numr of types recognized has fluctuated between 25 .=4 33.
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Table 1. Serotypes of Strains of Patudoinonas

aerupinosa, from 79 Burn Patients, 1980-1981

Type no. of Strains

1,3,5,6,8,9,10,13 1

3 2
3,8,161
4 .7
4,10,11,151
65
6,8,9,10,13 2
6,9, 10 1
6,9,10,13 8
6,9,13 3
6,10,13 1.
6,11 1
6,13 3
6,16 1
7 1
8 1
8,9,11,15 1
8,9,15 2
8,11 1
9,10 3
10 1
10,15 1
11 18
11,15 1
11,16 1
12 1
15 512
15,16 14
16 2
Non- typable (no reaction) 11

Total strains 608
Total typed 597
Total types 29
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A scanning of Table 2 shows, by number of strains of a given type
collected, the epidemic pattern of this organism in successive years.
Type 4 was prominent in epidemic episodes in each year since 1976, until
the present accounting. No epidemic episodes due to type 4 occurred in
1980-1981. Type 4,9,10 incited one outbreak in 1976-1977. It has not re-
turned in significant numbers since. Type 6 also incited an outbreak in
1976-1977; it has been found in the past three years, but never in a pat-
tern of epidemic transmission. Type 8 occasioned an outbreak in early
1978; it was found in small numbers in-succeeding years, but not in any
degree of consequence. Type 10, or Its factor, appears in many combina-
tions; there are 23 type patterns that include it. But only once, in
1979-1980, did it reach an epidemic scale. Type 11 has in each of the
past four years incited one or more epidemic outbreaks, and in 1980-1981,
the pattern was that of an epidemic. However, none of these episodes was
long-lived.

The single recurrent epidemic type since 1976 has been type 15.

There are certainly sub-types within this group, but the vast majority
of isolates were pure type 15. In 1980-1981, it was, with the exception
of one outbreak caused by a type 11 strain, the only-type of P. aeruuinosa
present in an epidemic pattern. The fact that, despite contipnuous seeding
and reseeding of the burn patients with this strain, there was no marked
rise in the incidence of Pseudomonas sepsis, suggests that it is a strain
of moderate or even minimal virulence.

The appearance of new types Is an ongoing phenomenon. In 1976-1977,
two types were recovered which have not been seen since. Six types were
unique to 1977-1978, and three in 1978-1979. in 1979-1980, there were 13
strains of types seen only in that year. In 1980-1981, the preponderance
of type 15 would lead one to expect fewer new types to have had the oppor-
tunity to emerge. However, 12 strains of types not previously recorded
were seen in this year. They were primarily types including factors 6
and 9. These types, unique as yet to a single year, are presented in
Table 3. Inspection of this data shows that the major part of the sepa-
rate types in the past two years have been strains linked in combinations
of factors that are evidently labile. Thus type 4,9, type 4,9,10,11 and
type 4,10,11 might each be recovered from a series of cultures on a single
patient. This situation was the case in 1980-1981, where the variations
on a type 6,9,10,13 made up multiple different types. However there is
no valid basis for discarding these antigenically determined identities.
The multivalent types shown were each checked at least in triplicate on
successive subcultures. The identities could be determined by repeat
culture. The antigenic system embodied in the International Typing Set
does indeed merit further analysis and possibly Improvement in the anti-
gens selected and their monovalent identities. However, at present we
can no more discard a plethora of types seldom encountered than we can
ipugn the validity of the monotype determinant of the predominant type,

15, In 1980-1981.

The possibility that some types of P. aerusinoa are unusually
capable of inciting sepsis has been a baseic reason for ongoing efforts
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Table 2. Comparison of Incidence of Serotypes of Pseudomwn
aerujinosa from Burn Patients, 1976-1981

Year & No. of Isolates
Type 1976-77 1977-78 1978-79 1979-80 191 1

1,2,3,4,9,10 7
1,3,5,6,8,9,10,13
1.9 2
2,3.6,15 3
3 9 2
3,4,9,10 1
3,8,9,14 2
3,8,16
3,10 2 2
3,15 2
4 110 183 42 102
4,6,9,10,16 2
4,8,9,11,12,14 2
4,9 1
4,9,10 20 12 2
4,9,10,11 11
4,9,11 1
4,10 21 20
4,10,11 1
4,10,11,15
4,10,13 2
4,10,15 1
4,10,16 1
4,11 1 1 3
4,11,15,16 1
4,15 2 2
4,16 2
5 1 1
5,8,16 1
6 38 5 11
6,8,9,10,13
6,9,10
6,9,10,13
6,9,13
6,10,13
6,11
6,13
6,16 3
7 3
8 17 1 3
8,9 2
8,9,11,15
8,9,15
8,11 1
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Table 2. Comparison of Incidence of Serotypes of Pseudomom
aeruginosa from Burn Patients, 1976-1981 (Continued)

Year & 1o. of Isolates
Type 1976-77 1977-78 1978-79 1979-80 1980-81

8,11,15,16 2
8,12 1 1
8,15,16 1
9 2 2 1
9,10 2 10 2 3 3
9,16 1
10 3 16 6 31 1
10,11,15 1
10,15 1 1
10,15,16 1 1
10,16 1
11 35 89 69 18
11,15 3 1 1

11,15,16 1
11,16 4 1
12 1 2 1
14 7
15 239 119 158 171 512
15,16 1 9 14
16 4 11 6 2
Ron-typable 3 21 43 37 1U

Total strains 429 453 401 507 608

K Mo



'In
at 9

V-4 In r.. ;.

0OD ~ 1-C - 0 4 i

Io rq C;. a- %a~ 4
0 v-~Q.4 *00I V-4 Hef

Ch4 Ch a4 a a aO-M a abV4%
a - C) 0 %0 -'a' LO) r4 r

a ai CA a 4 a4 a- a0 a4 a a

1.4

o f-4a f

a-4 4H OH

00 ~ 4-.t~0H

0111



at developing technics for differentiation of strains. A review of the
sources of individual strains in relation to the site of recovery is ap-
propriate to address this question. Types recovered from blood, wound
(both surface and biopsy cultures), sputum and autopsy cultures are
summarized in Table 4. Only one type, 15, was recovered from the blood
of more than one patient. There were five types recovered from blood.
It is of interest to note that one of these, type 6, was recovered only
once, from a patient whose wound and sputum did not harbor type 6, but
instead the predominant type 15. There were 14 types recovered from
wounds, nine from sputum and six from autopsy tissues. The smaller num-
bers of strains of each type recovered in this year reflects the over-
whelming preponderance of type 15 in the burn ward. It is of interest
to note that type 15 was described, in the 1979-1980 report as "...pre-
sent, but not a major feature of the 1979 epidemic period. However it
rose to a striking peak in 1980 from May through September." This com-
ment is consistent with subsequent events; a virtual monotype epidemic
with P. aeruzinosa characterized the 1980-1981 period. The types which
have caused micro-epidemics in previous years were represented in the
1980-1981 collection. But types 4, 6, 8, and 10 which have caused out-
breaks in burn wards in the past did not do so this year. A small epi-
sode of type 11 infection occurred but by. criteria set up for assessing
epidemics, it would not qualify for that category. Thus, in 1980-1981,
there was only one type that qualified as an epidemic strain: type 15.

DISCUSSION

Monitoring P. aeruginosa in the burn ward by use of serotyping was
again shown to be an effective approach. The epidemiologic pattern was
one not previously seen; only one strain, by serotype, was present in
significant numbers in the ward, and it was almost totally predominant.
Again, this information would be vital to a specific attempt to decon-
taminate the burn ward and its population, and to break this chain of
cross-infection. Whether this approach is a valid one is an entirely
separate question. Meanwhile, ongoing monitoring will tell us whether
and when changes occur in the Pseudomonas flora of the burn ward.
Correlations with virulence of offending strain, response to chemo-
therapeutic agents, and tendency to produce invasive infection can be
made by this approach.

PRESKNTATIONS/PUBLICATIONS - None.
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Table 4. Serotypes of Pseudomonas aeruginosa from Blood' Sputum,
* Wound and Autopsy Tissues of Burn Patients, 1980-1;81

Serotype Blood Wound Sputum Autopsy

1.3.5,6,8,9,10,13 1
3 2
3,8,16 1
4 4 2
4,10,11,15 1
6 1
6,8,9,10,15
6,9,10 1
6,9,10,13 7 1
6,9,13 1
6,11 1
6,13 1 2
6,16 1
7 1
8
8,9,11,15
8,9,15 3
9,10 1 2
10 1
11 10 4
11,16 1
15 19 229 146 60
15,16 1 2
16 1 2
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The cause of bacterial infection in burns can be assessed by detailed
analysis of burn patient flora on a periodic basis. Such monitoring has
revealed the existence of an extensive list of species, some capable of
establishing prolonged epidemics in burn wards, while others are capable
of short-term epidemics and many cannot apparently propagate even a
transient epidemic episode. During the 1980-1981 period, Staphylococcus
aureus diminished to a new low in incidence in burn wards. No enteric
species established severe epidemics of sepsis, but Providencia stuartli
increased in incidence after a prolonged absence, to reach numbers ex-
ceeded only by Pseudomonas aeruginosa. Only P. aeruginosa incited sepsis
in burn patients on an epidemic scale.

Burns
Staphylococci
Pseudomonas
Providencia
Sepsis
Humans
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS WITH
THERMAL INJURY -- PATHOGENESIS OF BURN WOUND INFECTION: BACTERIAL
FLORA OF BURN WOUNDS OF MILITARY PERSONNEL RECEIVING SULFAMYLON OR

SILVER SULFADIAZINE TREATMENT

Infection in burn wounds, together with secondary systemic infection,
is the major cause of morbidity and death in burn patients. For almost
two decades, intensive effort has been directed toward improved control
of such infection, and there have been significant strides in improving
infection control. However, because of the opportunistic nature of such in-
fections, no specific human pathogen has played a dominant causative role,
and the burn treatment team has been continually confronted with a changing
population of opportunistic pathogens. These strains have in common a pro-
pensity for giving rise to antibiotic-resistant variants, which predictably
minimizes the scope of antimicrobial therapy. Species of Enterobacteriaceae,
Pseudomonas aeruginosa, and Staphylococcus aureus have been the principal
offenders in the past 15 years. In the previous report (1979-1980), it was
pointed out that the incidence of sepsis appeared to have declined during
that year. The number of patients from whom blood cultures were collected
fell, and the number who exhibited bacteremia declined markedly from that
seen in previous years. During 1980-1981, this trend continued. Its exis-
tence may be validated, but an explanation for this important trend has not
been derived.

Precise identification of bacterial isolates from burn patients
has been emphasized; although this practice will exhibit large numbers
of species occurring only in small numbers, it is fundamentally the only
way in which the capability of species for burn patient colonization can
be determined.

ANTEMORTEM BACTERIOLOGY OF BURN PATIENTS, 1980-1981

Bacterial and yeast species recovered during this 12-month period
are listed in Table 1. The anatomic source of each strain and the number
of isolates recovered are presented.

There were 194 patients during this period from whom at least one
culture was positive. Patients on whom no cultures were done are omitted
from consideration. Of all patients cultured, 52% had a wound culture
taken. Contact plate samples were taken on 73% of all patients cultured,
blood cultures from 90%, sputum cultures from 52%, urine cultures from
73%, and biopsy samples from 24% of all patients cultured. Wound cultures
by swab and contact plate cultures might have been expected to yield com-
parable recoveries. This was not the case: Staphylococcus epidermidis
was recovered twice as often by contact plate as by wound swab. Provi-
dencia stuartii was also recovered far more often by contact plate than
by swab. The high level of negative wound swabs reported has typified
wound culture results in the past three years. A similar low rate of
positive wound swabs was seen in 1961 and 1962. At that time, strenuous
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indoctrination in careful wound swab sampling technic was undertaken, and
the proportion of negative results from wound swabs dropped from over 50%
of samples to 5% of samples. At intervals during the past two decades,
a rise in negative resu.ts from wound swab cultures has prompted renewed
emphasis on correct samling technic. In each instance, the number of
negative wound swabs has decreased sharply. It is probable that the pre-
sent high incidence of negative wound swabs reflects errors in sampling
technics. Failure to clean surfaces of antimicrobial agents, use of dry
swabs instead of moistened swabs, swabbing of inappropriate areas of the
wound and too timid an approach to swabbing the wound are prominent fac-
tors in failure to recover bacteria from open burn wounds. An additional
manipulative error in the results of wound culturing is the high level of
Bacillus sp. reported from contact plates. The preparation of a contact
plate culture as conducted at the Institute of Surgical Research involves
trimming the gauze "handles" which permit the agar sheet to be applied
to the wound. Transfer of contaminating Bacillus sp. from the person doing
the sampling can readily occur, and such growth is reported as part of the
wound flora. In establishing the contact plate technic in the 1960s, the
importance of aseptic technic in trimming the gauze was recognized. Re-
peated episodes of Bacillus sp. recoveries not matched by wound swab,
biopsy, or autopsy results indicate that this error is introducing an
artifact into the results of contact plate sampling of wounds. As with
swab cultures, negative contact plates have been recently reported at a
far higher level than was ever observed during the period of 1963 to 1970,
when the senior author (RBL) collected plates personally. No negative cul-
ture was ever observed out of over 6,000 cultures taken during that time.

The most common species recovered from wounds were S. aureus,
Strep. viridans, Kleb. pnetmoniae, Prov. stuartii and P. aerusinosa.
In blood cultures, a notable change from recent years was a fall in the
incidence of S. aureus. Providencia stuartii reappeared in blood cul-
tures in significant numbers this year for the first time since 1973.
In order of frequency of occurrence, the most common species recovered
were P. aeruginosa (749), Prov. stuartii (475), S. aureus (332), Strep.
viridans (266), Kleb. pneumoniae (206), E. coli (204) and S. epidermidis
(168). Candida albicans was the most common yeast species, in a popula-
tion of decreasing numerical importance.

There were 46 different species of bacteria recovered. The annual
incidence has remained close to this value for several years.

Obviously total strains collected do not reflect the relative im-
portance of species as infecting or colonizing agents. Me number of
patients positive for a given species reflects more preeisely that
organism's potential for spread, colonization and infection. A resume
of patients colonized or invaded by the major species recovered is
shown in Table 2. The significant species included S. auas, S. gpi-
dermidis, Kle.b. pneumoniae, Prov. stuartti, P, aeruginosa and E. coli.
Patients were most often colonized and invaded by P. aeruginosa, as
was evident from the number positive in wound, blood, sputum and biopsy.
,ov. stuartii which was totally absent from tho burn ward for over
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two years until its gradual reappearance in 1980, was found in approxi-
mately as many patients as was P. aeruginosa in 1980-1981.

As a more effective way of showing the degree of involvement of
burn patients with bacteria in this year, the percentage of patients
cultured at each body site who were positive for the major species is
shown in Table 3. In terms of proportion of patients involved, the
major species were S. aureus, S. epidermidis, Kleb. pneumonias, Prov.
stuartii, and P. aeruginosa. In comparison with 1979-1980, the most
noticeable changes were the increase in infections due to S. epidermi-
dis and the reappearance of Prov. stuartii. Species formerly seen in
significant numbers but absent this year included Enterobacter cloacae
which rather abruptly fell to an inconsequential incidence.

Table 3. Percentage of Patients Cultured and Positive for Major
Bacterial Species at Significant Culture Sites

1 October 1980 - 30 September 1981

Source and % of Cultured Patients Positive
Organism Wound Biopsy Blood Sputum

Staph. aureus 18 11 5 55
Staph. epidermidis 23 0 10 37
Klebsiella pneumoniae 9 6 3 33
Proteus mirabilis 8 2 0.6 8
Providencia stuartii 28 26 6 30
Escherichia coli 15 4 2 24
Pseudomonas aeruginosa 46 47 11 51

BACTERIOLOGY OF BURN WOUNDS

Monitoring of burn wound flora is a widely accepted practice, al-
though the value of the information produced by such cultures is not
clear in terms of therapy of the burn. Topical therapy, surgical pro-
cedures and severity of the burn all exert striking effects on burn wound
flora. Wounds in the Institute of Surgical Research are in most instances
exposed to both Sulfamylon and silver sulfadiazine, and these agents un-
doubtedly affect the nature of the bacterial flora of the burn. No
topical therapy will maintain a burn in the sterile state.

The microbial flora of the burn wounds of 142 patients cultured in
this period is shown in Table 4. Numerically significant species included
S. aureus, S. epidermidis, Strep. viridans, Prov. stuartii, E. coli and
P. aeruginosa. No other species reached even 10 percent of the patients
cultured. In view of previous wound flora events, however, even some
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Table 4. Burn Wound Surface Flora in 142 Patients
I October 1980 - 30 September 1981

No. of No. of Patients Z of Cultured
Organism Strains Positive Patients Positive

Staph. aureus 67 24 17
Staph. epidermidis 66 37 26
Streptococcus Gp A 1 1 0.7
Strep. viridans 32 18 13
Non-hemol. Strep.

not GoD 13 7 5
Gp D Strep. not

Enterococcus 7 4 3
Strep. Gp D Enterococcus 12 8 6
Strep. pnetnaoniae 4 4 3
Enterobacter cloacae 6 4 3
Enterobacter aerogenes 16 6 4
Kiebsiella pneumonia. 32 11 8
Kiebsiella oxytoca 10 5 4
Kiebsiella ozaenae 2 2 1
Proteus mirabilis 25 14 9
Providencia stuartii 219 49 35
Eacherichia coli 46 25 18
Aeromonas hydrophila 4 3 2
Citrobacter diversus 5 4 3
Citrobacter freundii 2 2 1
Acinetobacter anitratus 3 3 2
Acinetobacter ivoff ii 4 2 1
Pseudomonas aerugluosa 309 64 45
Candida albicaua 8 * 5 4
Candida rugosa 12 6 4

Cndida tropicalis 3 2 1
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of the numerically inconsequential species are of interest. Enterobac-
ter cloacae and Kleb. pneumonia. had in previous years had long periods
in which they were a major factor in wound colonization and infection.

In this year, they were inconsequential. Similarly, the Acinetobacter
genus has been involved in intense episodes of wound infection, but not
in this observing period. A species noteworthy because of its total
absence was Serratia marcescens. This opportunistic invader has pre-

viously been seen at least in small numbers, but not this time. There
were only 22 species of bacteria recovered from wounds; in the previous
year there had been 31.

Group A streptococci, because of their extremely destructive capa-
bility when they infect a skin graft, have long been monitored with
particular care, since the presence of this organism in a burn wound
could precipitate disastrous infections. After several years in which
small numbers of strains were recovered from wounds, the species had been

absent from the burn ward since 1978. As is seen here, one wound strain
was recovered this year. The species remains a relative curiosity in
burn wounds.

RESPIRATORY TRACT FLORA IN BURN PATIENTS

The flora of the respiratory tract continues to constitute a popula-
tion of intrinsic interest, since control of pneumonia has always been a

significant problem in the management of patients with severe burns. In

Table 5, the bacterial species in sputum or Luken's tube aspirates from
101 patients are summarized. Numerically, the most frequent species was
IStep. viridans, from 72% of patients cultured. However, no significant
degree of pulmonary pathology was related to the strain. It behaved as
an innocuous part of the normal flora. S. aureus was recovered from
respiratory secretions of over half of the patients, as was P. aerusinpI.
Kleb. pneumoniae (33%) was the most common enteric species in sputum,
closely followed by Prov. stuartii (30%). Other species which have in

the past played a prominent role in pulmonary involvement, especially
Entero. cloacae, were not common in this year.

SEPTICEMIA IN BURN PATIENTS

Systemic sepsis is the most serious aspect of bacterial Infection in
burn patients, end this aspect of burn bacteriology merits careful scrutiny.

Other sites of colonization may or may not signify an active Infectious
process, but bacteria in the blood stream are probably the most mavingful
indication of invasive involvement with a microorganism. In 1980-1981,

176 patients had blood cultures drawn. These were mphatically not all
from seriously ill patients. A belief that early blood cultures may
reveal unsuspected sepsis has prompted the taking of large rnbers of
culturbs on patients who exhibit few clinical indications of becteimia.
However, significant information regarding the septicemic potential of

colonizing strains can be adduced from the results of these blood cul-

tures. Table 6 shows the total of 16 strains of bacteria, together with

two *easts and one fungus recovered in blood cultures. The most loptrmt
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Table 5. Principal Species of Bacteria Recovered from Respiratory
Tract of 101 Patients, 1 October 1980 - 30 September 1981

No. of No. of Patients Z of Cultured
organism Isolates Positive Patients Positive

Staph. aureus 224 56 55
Staph. epidermidis 58 37 37
Strep. viridans 224 73 72
Non-heinol. non-

Gp D Strep. 63 29 29
Enterococcus Gp D 18 8 8
Non-Gp D Enterococcus 36 19 .19
Strep. pneumoniae 21 13 13
Gp AStrep. 7 2 2
Beta-hemol. Strep. not

Gp A, Bor D 2 2 2
Enterobacter aerogenes 37 15 15
Enterobacter cloacae 23 16 16
Kiebsiella pusumoniae 110 33 33
Klebsiella oxytoca 27 11 31
Proteus mirabilis 33 8 8
Providencia stuartii 133 30 30
lEcherichia coli 52 24 24
Citrobacter diversus 10 4 4
Pseudomonas aeruginosa 249 52 51
Meisseria op. 51 28 28
Candida albicans 28 15 15
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species from the standpoint of number of patients who yielded tl ;anism
in blood culture were P. aeruginosa, Prov. stuartii and Kleb. pi Lisae,
among gram-negative bacilli, and S. aureus and S. epidermidis a; ;ram-
positive flora. The entire picture of sepsis in burn patients ed
to have diminished sharply, in comparison to the numbers seen f, ars
ago, in 1976-1977. Of course, the number of seriously burned ii uals
was not necessarily comparable between this year and earlier ye. ,ut
among patients admitted since October 1979 to the present, ther Mrs
to have been a lessening incidence of septicemia during the cou
their illness. The numerically high incidence of S. epidermidi )vered
from blood culture was coumented upon in the previous annual re It
was never recovered more than once -- usually early in the pati
course -- and no clinical sepsis due to this species has been r Lzed.
The diverse population of species recovered from one or two pat sug-
gests a broad capability of such opportunistic contaminants to
the blood stream, but no indication of epidemic pattern could b
cognized.

In previous years, as many as half of the patiews exhibit
septicemia displayed multiple invasion by more than one bacteri
species. The incidence of such mixed infections fell significa
in 1979-1980; 22 out of 217 patients who had blood cultures dra I
more than one species of organism recovered on successive episo
This was itself a drop from previous years, but in 1980-1981, t
cidence of mixed infections fell to a negligible figure. Table )ws
the pat.ants who had more than one species recovered from blood ire.
There were only four such patients, and two of these had cultur
gram-positive cocci not ordinarily associated with burn wound i re
infection. Only in two patients were mixed cultures including
aeruginosa seen. It would appear that the entire picture of se aia
in burn patients has become less vivid, with fewer patients inv
and fewer mixed infections occurring.

BIOPSIES OF BURN WOUNDS

Biopsies of burn wounds are used in varying degree at diff
burn treatment centers. The number of biopsies collected in th ti-
tute of Surgical Research in 1980-1981 was at a lower level the
been seen in recent years. Forty-seven patients had wound biop :ol-
lected. The cultural results and incidence of species are show
T*NJe 8. Pseudomonas aeruainosa, Prov. stuartii, and S. aureus the
becterial species most frequently encountered, but only P. aer I
aud Prov. stuartii were recovered with a frequency that suggest 3o-
tential epidemic transmission pattern. The decrease in recover 3.
aureus from the incidence seen in previous years was especially -
able. Further, no species of, the Enterobacteriaceae group was Lc-
uous, a marked change from patterns seen several years previous

CATHETER TIPS AND BACTERIAL CONTAMINATION

Infection following the track of indwelling intravenous ca re
has long been a hazard attendant on use of this essential thera
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Table 6. Blood Culture Isolates from 176 Burned
Patients: 1 October 1980 - 30 September 1981

Total No. No. Patients
Organism Isolates Positive

Staph. aureus 11 9
Staph. epidermidis 18 17
Strep. viridans 3 2
Non-hemol. non-

Gp D Strep. 2 2
Gp D Enterococcus 2 2
Enterobacter aerogenes 1 1
Kiebsiella pneumoniae 10 6
Proteus mirabilis 1 1
Providencia stuartii 31 11
Escherichia, coli, 4 4
Aeromonas hydrophila 3 1
Citrobacter diversus 1 1
Haemphilus aphrophilus 1 1
Pseudomonas aeruginosa 43 19
Pseudomonas putida 2 2
Corynetacterium sp. 1 1
Candida albicans 1 1
Yeast-like organism 1 1
Fusariuim sp. 1 1

Table 7. Blood Culture Isolates in Patients with Mixed Infections
1 October 1980 - 30 September 1981

Organisms No. of Patients

Coagulase-negative Staph. epidermidis, Non-hemol.
Strap. not Gp D

Strep. viridans, Non-hemol. Strep. not Gp. D
Pseudomonas aeruginosa, Providencia. utuarti
Pseudomonas aeruginosa, Coagulase-negative Staph.

epidermidis
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Table 8. Bacterial Flora of Biopsies of Burn Wounds of 47
Patients: 1. October 1980 -30-Septetiber 1981

No. of Patients with
No. of Patients Positive Cultures

Organism Positive Who Expired

Staph. aureus; 5 3

Streptococcus Gp A 1 1
Streptococcus Gp D

not Enterococcus 1 1

Strep tococcus Gp D
Enterococcus 3 2

Enterobacter cloacae 1 1
Enterobacter agglomerans 1 1
Kiebsiella pneumoniae 3 2

Kiebsiella oxytoca 1 1

Proteus mirabilis 1 1
Morganella morganii 1 1

Providencia stuartil 12 4

Eacherichia coli 2 0

Citrobacter freundii 1 1
Citrobacter amalonaticus 1 1

Acinetobacter anitratus 1 1

Acinetobacter lwoffii 2 1
Pseudomonas aeruginosa 22 9

Pseudomonas cepacia 1 0

Pseudomonas alcal~genes 1 1

Alcaligenes faecalis 1 0

Candida rugosa 1 1
Candida tropicalis 1 1

Trichosporon beigelii 1 0
Aspergill's sp. 5 3

Alternaria sp. 2 1

Fusariwli ep. 2 1

Microsporum op. 1 1
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device in burn patients. Thrombophlebitis following an infected cutdown
has been largely controlled by strict limitations on the duration of resi-
dence of such catheters. The bacteria recovered from catheter tips cultured
on removal from 52 patients are summarized in Table 9. The predominant
species numerically were Prov. stuartil, P. aerusinosa and Kieb. pneumoniae..
The recovery of 11 different bacterial species from this number of patients
suggests that to a considerable extent the contaminants reflect the burn
wound flora. However, the conspicuous number of Prov. stuartii strains
recovered is consistent with the conclusion that this erstwhile epidemic
species Is once more appearing in the Institute of Surgical Research burnpopulation as an epidemic opportunistic invader.

Table 9. Bacterial Flora of IV Catheter Tips
1 October 1980 - 30 September 1981

No. of No. of Patients
Organism Isolates Positive

Staph. aureus 5 4

Staph. epidermidis 5 4
Strep. viridans 1 1
Enterobacter cloacae 2 2
Klebsiella pneumoniae 9 5
Proteus mir~bilis 1 1
Morganella morganii I 1
Providencia stuarti 18 9
Escherichia coli 2 2
Citrobacter freundii 1 1
Pseudomonas aeruginosa 10 9
Candida albicans 4 3
"Candida rugosa 2 2
Yeast-like organism 1 1

No. of patients cultured: 52
No. of cultures: 154

URINARY TRACT BACTERIOLOGY

Urinary tract infections occur frequently in the severely burned
as a consequence of the necessity for indwelling urinary catheters.
The results of urine cultures on 142 patients in the reporting period
are shown in Table 10. Enteric species were, of course, conspicuous in
this series. Klebsiella Dneumoniae, Proteus mirabilis, Prov. stuartii,
and Z. coli were the most frequently encountered Interobacteriaceae,
while P. aerusinosa was a conspicuous offender, while among yeast species
Candida albicans was by far the most comon species. S. auteus. in con-
trast to previous years, was relatively uncommn in occurrence.
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bacterial species and two of yeasts were recovered. In no instance was
more than one species recovered from a sample. Table 11 summarizes the
results. Cocci were rare. Enteric species were broadly represented,
but only E. coli was recovered from as many as six out of 48 samples.
The interesting phenomenon was the relatively large number of species
of the genus Pseudomonas recovered. Six species were recorded, with
P. utida by far the most frequently encountered species. This number
would be even higher if the laboratory had continued speciating all
Pseudomonas isolates. However, the expense and time required to con-
tinue this differentiation was deemed not justified, since a large
amount of data had shown this consistent result. Host of the Pseudo-
monas sp. listed would fall into the P. putida category. It is note-
worthy that P. putida was not recovered even once from the burn wound
of a patient. The recovery of this and other uncommon Pseudomonas
species from pig skin suggests that this flora is an indigenous part
of the pig skin. It does not appear that this xenograft acts as a
source of infection in burns.

The review of bacterial flora of burn patients presented here has
disclosed certain trends that appear to reflect a marked change in the
bacterial flora of the burn patients in this Instititute. There was a
notable decrease in S. aureus colonization in several sites, with a con-
tinued increase in recovery of S. epidermidis, which now occupies a posi-
tion of numerical frequency that merits further scrutiny as to its poten-
tial pathogenicity. Considering the enteric species, there has been a
further decrease in invasive infection due to Klebsiella and Enterobacter
species, which 1,t a few years earlier were associated with repeated epi-
sodes of epidemi sepsis in the burn ward. The reappearance of Prov.
stuartii was well documented during the year. This species, after a long
period of epidemic colonization of the burn population, disappeared abruptly,
and for three years no strains were recovered. In 1979-1980, it reappeared
and was far more numerous in 1980-1981. However, the strain(s) now present
do not appear to have the virvle, ce or invasiveness that was exhibited by
the earlier epidemic strain(s. It is an active colonizer but as yet has
only rarely incited sepsis in a severely burned patient.

The consistent performer in the spectrum of species recovered from
burn is, of course, P. aeruginosa. In this report, it remains the princi-
pal epidemic strain, and its ability to produce sepsis in a severely burned
patient remains a conspicuous attribute.

PRESENTATIONS

Lindberg RB: Epidemics of Enterobacteriaceae in burn patient
infections. Presented at South African Burn Association Annual

Meeting, Skukuza, South Africa, 5 August 1981.

PUBLICATIONS

None.
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Table 10. Urine Cultures on 142 Patients
I October 1980 - 30 September 1981

No. of No. of Patients
Organism Isolates Positive

Staph. aureus 7 6
Staph. epidermidis 14 11
Strep. viridans 4 4
Non-hemol. Strep.

not Gp D 11 11
Gp D Strep. not an

Enterococcus 3 2
Gp D Enterococcus 12 10
Enterobacter aerogenes 1 1
Enterobacter cloacae 2 2
Enterobacter agglomerans 2 1
Klebsiella pneumoniae 29 18
Klebsiella oxytoca 1 1
Proteus mirabilis 13 10
Providencia stuartii 33 14
Escherichia coli 69 22
Citrobacter diversus 2 1
Citrobacter freundli 4 1
Acinetobacter anitratos I I
Pseudomonas aeruginosa 47 19
Pseudomonas maltophilia 1 1
Pseudomonas cepacia 1 1
Candida albicans 41 .12
Candida rugosa 7 6
Candida tropicalis 12 6
Candida krusei 16 1
Trichosporon beigelli 2 1
Torulopsis glabrata 2 1

XENOGRAFT (PORCINE SKIN) CULTUJRES

Xenografts, in the form of sheets of pig skin from freshly killed
hogs, continue to be valuable biologic dressings for management of pa-
tients with severe burns. The initial bacteriologic studies of porcine
skin showed a relatively low level of contamination in several series.
Positive culture rates were below 5%. However, in the past two years,
positive culture results have increased markedly. There are no data to
indicate that such contaminants give rise to an increased incidence of
wound infection, but the bacterial flora of any substance coming in con-
tact with a burn wound should be known in detail. Samples from lots of
xenograft assigned to 48 patients in 1980-1981 were cultured. Twenty-two
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Table 11. Kenograft (Porcine) Cultures from 48 Patients
1 October 1980 -30 September 1981

No. of No. of Samples
Organism Isolates Positive

Staph. aureus 3 3
Non-hemol. Strep.

not GpD 1 I
Enterobacter cloacae 1 1
Enterobacter agglomerans 3 3
Kiebsiella pneumoniae 5 4
Kiebsiella oxytoca 3 2
Kiebsiella ozaenae 7 5
Providencia stuartii 5 4
Escherichia coli 12 6
Aeromonas hydrophila. 1 1
Citrobacter freundii 2 2
Acinetobacter anitratus 8 3
Acinetobacter lwoffii 5 2
Pseudomonas aeruginosa 20 9
Pseudomonas fluorescens 42 13
Pseudomonas putida 111 38
Pseudomonas maltophilia, 2 2
Pseudomonas cepacia 3 2
Pseudomonas stutzeri 6 4
Pseudomonas op. 88 14
Alcaligenes fascalis 1 1
Corynebacterium sp. 2 1
Candida albicans 1 1
Candida zeylanoides I I
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Biopsy and autopsy samples from burn patients were cultured on
Sabouraud's agar. Fungi when Isolated were classified to the level of
genus. The recovery of fungi was far lover than has been seom in recent
years.* Genera recovered from both sources Included Asneraillus Alter-
naria and Pusarium. Pathogenic genera included one strain each of m
and of Rbxps these were not, however, recovered from patiens wbo
developed mucormycosis.

Phycomycosis
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STUDIES OF INFECTION AND MICROBIOtOGIC&SURVEILLAI.CE OF TROOPS
WITH THERMAL I1NJURY -- THE ROLE OF, YUNGI I]$, Bm 11ID
INFECTION: OBSERVATIONS ON BIOpgI Oi AUT0pST jtS$jkS.

FROM SERIOUSLY WRUIEDSOlIERS

Infection of bu* woundo by.iungi has been lontg',observed. Systemic
invasion by a fungus stratn, even with a digniticant degtee of burn wound
mycosis, is not comon and has been primarily caused by members of the
Phycomycetaceae. However, microscopic evidence of burn wound invasion by
fungi has been frequently observed in our patients, and tr. docdment this
phenomenon as clearly as possible, routine fungal cultures of all biopsy

samples and autopsy tissue samples are performed. Most 'futngi found in
burns are the same species found in the burn ward environment, and burn
wound colonization is undoubtedly fortuitous.

FUNGI IN BIOPSIES

During 1980-1981, biopsies from 47 patients were cultured for fungi.

The technic developed in this laboratory was used; it consists essential-
ly of placing a small portion of biopsy (at least 100 mg if possible) on

Sabouraud's agar in a screw-capped tissue culture bottle. The tissue
should touch both agar and bottle wall. Adequacy of sampling has a
profound effect on the likelihood of successful recovery of fungi. In
general, the tissue should represent the burn-nonburn interface for
optimal results. The results in 1980-1981,are summarized in Table 1. The

predominant genus in this set was Aspergillus, which has held this spot.
for at least two years. The numbers recovered can scarcely be regarded as
significant. Comparison of recovery rates in recent years with that of

1980-1981 reveals the irregular frequency of positive culture which has

occurred; this comparison is shown in Table 2. The number of genera had

only once before, in 1975, been as low as four, and in that year only six

strains were recovered. In 1980-1981, there were 19 strains recovered;
none of the fungal genera recovered was primarily a human pathogen.

FUNGI RECOVERED AT AUTOPSY

Autopsy tissues, including lung, liver, spleen and burn wound sam-
pies, are cultured in a manner similar to that used for biopsies.

Table 3 summarizes the autopsy collection data. The number of strains

recovered was trivial compared to earlier experience. In 1976-1977, for

example, 105 strains, comprising 12 genera, were recovered from autop-
sies. The 23 strains, representing seven genera, would suggest that

fungal involvement in the burn wound, at least as it is represented by

recovery in culture, is currently of minor concern. The genera recovered

can be readily cultured from air in the laboratory, burn ward or autop.qf
building. Three of the four genera found in biopsies were a epfI
autopsy samples. Four genera, including the two phycomycetes
and cr, were found only in postmortem wounds. As with evie9
bacterial invasive infection in 1980-1981, the activity of fungit
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Table 3. Fbiegi Recovered' fvok Burn Wounds and
Viscera at Autopsy, 19801981;

Buta ob~ad Viscera
Genus N.' of Strains 16*Of Strains

Alternaria 4 1

Mucor 1 0

Rhizopus .1 0

Ampergillus 10 0

Peuicillium11

Fusarium 2 0

Cephalosporium 2 0

wound appears to have been ninimal. However, just as we have no explana-
tion for the decline of mycotic infection, we have no assurance that it
will continue to be subdued. Continued observation of these sources is
called for.

PUBLICATIONS/PRESENTATIONS -None

*187



PROJECT NO. 3M161161816-OO, MBi'C USEC

REPORT TITLE; STUIES OF WWZC~I9 AND NICRODIOLOGIC SUVUILANC
O~ T~WTPWA INJUY - IWNITIVTT

SWJ.AWYLWN OF VSUDCHN&S AZRUGZUOSA "CO0VUU FEWN
BUNE sowUxTS

US ARMY INSTITUTE OF SURGICAL RISARCI
BROOKE ARMY MEDICAL CENTER

FORT SAM HOUSTON, TEAS 78234

I October 1980 - 30 September 1981.

Investigators:

Robert B. Lindberg, Ph.D.
Virginia C. English, M.A.

Repot contrul 37001 IDSSI-00W



ABSTRACT

PROJECT NO. 3M161102BS1-00, BASIC RESEARCH

REPORT TITLE: STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE
OF TROOPS WITH THERMAL INJURY - SENSITIVITY TO
SULFA4YLON OF PSEUDONONAS AERUGINOSA RECOVERED FRON
BURNED SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medical Center,

Fort Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September 1981

Investigators: Robert B. Lindberg, Ph.D.
Virginia C. English, M.A.

Reports Control Symbol MEDDH-288(Rl)

In 1980-1981, sensitivity to Sulfamylon was assessed on 468 strains
of Pseudomonas aerupinosa. There were more strains di- playing heightened
tolerance than was the case in 1979-1980. Eighty-one percent of the
strains tested were inhibited by 0.3122 or less of Sulfamylon. The
median sensitivity to Sulfamylon was 0.2532, which is higher than that
seen in most of the past 10 years, but still the third highest median
level seen during that time.

Burns
Pseudomonas
Topical therapy
Sulfamylon
Humans
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS
WITH THERMAL INJURY -- SENSITIVITY TO SULFAMYLON OF PSEUDOMONAS

AERUGINOSA RECOVERED FROM BURNED SOLDIERS

Pseudomonas aeruginosa continued, in 1980-1981, to be the principal
cause of sepsis in major burns. Although primary burn wound sepsis due
to this organism has become rare due to availability of effective topical
treatment, invasive systemic infection remains a frequent complication in
the later stages of treatment of severe burns. Sulfamylon is relied 6n
as a potent agent capable of controlling Pseudomonas burn wound sepsis,
and thus the continued antibacterial effectiveness of this agent is a
matter of primary concern. Since the first observations on this drug
in this laboratory in 1963, the sensitivity of strains has remained con-
sistent, within a range of deviation that represents a plausible biologi-
cal fluctuation. Exposure of bacteria to Sulfamylon occurs regularly on
the Institute of Surgical Research burn wards, since the drug is used
routinely on many patients in the form of a 5% soak, as well as its use
in primary treatment as a 10% cream. Exposure of a bacterial species
appearing on the ward in a succession of introduced strains, without a
marked increase in in vitro resistance over a period of more than 15
.years, would suggest that the species is truly immune to such selective
change. However, monitoring of sensitivity of patients' strains has been
continued. We cannot expect a marked jump in resistance to announce it-
self; a shift to greater incidence of relatively tolerant strains could
be of consequence in clinical use, yet could also be inapparent unless
sought out.

SENSITIVITY OF PSEUDOMONAS AERUGINOSA TO SULFAMYLON

Four hundred and sixty-eight strains of P. aeruginosa were tested
for sensitivity to Sulfamylon from 1 October 1980 through 30 September
1981. The testing technic has been described in detail in earlier
annual reports. It involves an agar dilution technic, with plates
poured in concentrations from 5% to 0.019%. Seeded with 1000-cell
inocula of broth cultures of recent isolates, the growth-no growth
end point is determined at 24 hours. Sensitivity is expressed as the
Sulfamylon concentration which inhibits growth.

Sensitivity of the strains tested is summarized in Table 1. The
major part of the collection, 81%, of the strains tested were inhibited
by 0.312% Sulfamylon or less. This concentration, which is 1/32 of
the concentration of Sulfamylon in burn cream, is regarded as well
within the limits of sensitivity of microorganisms to Sulfamylon.

It is of especial interest that the continuity of response to
Sulfamylon be assessed over a period of several years. Thus short-
term fluctuations can be viewed in the framework of the longer view.
Sensitivity of Pseaudomonas to Sulfamylon over the past 10 years is
summarized in Table 2. The recent peak numbers of strains inhibited
by the higher concentrations may be observed here. In 1980-1981, the
largest number of strains inhibited by an individual concentration was
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Table 4. Median Value of Pseudomonas aeruginosa
Sensitivity to Sulfamylon, 1968-1981

No: of Strains Median Inhibitory Level
Year Tested (gm/dl)

1968 294 0.136
1969 385 0. 176
1970 296 0.068
1971 280 0.125
1972 463 0.316
1973 285 0.U111
1974 437 0.086
1975 656 0.125

1976-77 698 0.117
1977-78 141 0.089
1978-79 715 0.324
1979-80 461 0.198
1980-81 468 0.253

value; fewer such strains in an assessment period will lower it. It will
be seen that the three highest years in order of inhibiting level were
1972 (0.316%), 1978-79 (0.324%) and 1980-81 (0.253Z). In no other year
did the mean inhibiting value reach 0.22 In general, the median value
fluctuated without any long-term trend toward increase. Particular note
should be taken of the past three years, however. The values went from
0.324% in 1978-79 to 0.198% in 1979-80, to 0.2531 in 1980-81. This sug-
gests that particular attention be paid to the sensitivity of current
isolates and to the response to therapy of Sulfamylon-treated patients In
the immediate future. There is no objective cause for alarm, but the
clustering of three years of higher median values has not occurred before,
in all the time such measurements have been made. We must remain aware of
the lability of bacterial species and of the possibility that an increase
in resistance to Sulfamylon in strains of P. aerusinowa could be occurring.
In view of the history of the use of Sulfamylon in burns, this does not
appear to be especially likely, but the possibility should not be ignored.
While routine sensitivity testing of Pseudomonas isolates has not been
carried out, it is entirely feasible, and it would offer an assurance that
treatment of a relatively resistant strain was not being undertaken unknow-
ingly.

PRESZNTATIONS/PUBLICATIONS - None
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Cultures from clinical specimens are scrutinized with specific at-
tention paid to unusual oxidative and fermentative gram-negative bacilli.
Several such forms have shown capacity to incite institutional epidemics

rof sepsis among burn patients. Examples would include Providencia
stuartii, Enterobacter cloacae, and Klebsiella oxytoca. New species,
not previously observed as part of the burn flora, are thus noted and
added to the extensive roster of opportunists which can colonize burn
wounds. In the 1980-1981 period, 21 species were regarded as meriting
the epithet "unusual." No new epidemic strains were .noted.

Burns
Oxidative microorganisms
Pseudomonas
Acinetobacter
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS WITH

THERMAL INJURY: NON-FERMENTATIVE AND OTHER GRAM-NEGATIVE BACILLI
IN BURNED SOLDIERS: NEW POTENTIAL OPPORTUNISTIC PATHOGENS

Observations over an extended period of the burn wound flora indicate
that the species distribution is essentially opportunistic. There are
strain differences in such groups as the Enterobacteriaceae which can lead
to establishment of epidemic episodes in which invasive infection may be
caused by a species previously seen only as an innocuous colonizer.
There appear to be no intrinsic barriers to any given species to pass
from an opportunistic colonizer to an invasive pathogen, but the number of
species that have done this is fortunately not great. The incidence of
oxidative organisms and of rarely encountered enteric species has been
followed carefully for several years. Strains from various clinical
sources are compiled.

The unusual gram-negative species recovered in 1980-1981 are sum-
marized in Table 1. Some species previously recorded as uncommon (i.e.
Providencia stuartii) were not included this year because they were not
any longer uncommon. Twenty-one species were recognized, only one of
which occurred in large numbers. This was Pseudomonas putida, which was
recovered in large numbers from frozen porcine xenograft sheets. There
were six species of Pseudomonas recovered. Only one, P. putida, was
recovered from blood samples. The patient did not develop sepsis. The
remaining species were found rarely on wound and in sputum. Their most
common site, however, was from porcine xenograft. These relatively un-
common species of Pseudomonas were most probably brought into the burn
wards on such xenograft. Aeromonas hydrophila, which has been an in-
frequently recovered species in previous years, was three times recovered
from blood culture. Acinetobacter anitratus and Acineto. lwoff. were
recovered in equal numbers, primarily from sputum and wound cultures.
Neither was present in conspicuous numbers. Increase in these species,
when it has occurred, has always been traceable to an admission or set
of admissions from a different geographic area. Citrobacter op. were
observed with especial care since they have been shown to be capable of
inciting episodes of epidemic sepsis in burn ,wards. In this series,
only Citrobacter diversus was numerically prominent. No septic episodes
occurred, but this species has been the cause of brief epidemic sepsis
periods.

Prior to 1970, unusual oxidative gram-negative bacteria were fre-
quently recovered in tissues of fatally burned patients at autopsy,
These isolates were less common in recent years. In 1980-1981, only two
species of the total observed were found in autopsy samples. This dis-
crepancy is so wide that it suggests a technical change or some altera-
tion in the procedure of collecting and processing' pectaens rather than
total absence of these species in tissues at autopsy. N6 precise chaes
can be pointed out at this tifs, but this topic should be investigated
to resolve the marked discrepancy now being documented.
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No incipient epidemic-causing species is to be Incriminated on the
basis of this compilation. However, the potential for-am opportUMIbtic
invaders to arise from this heterogeneous collection of opportunistic
colonixers rIns a possibility. These form should be contlaui1ly
monitored.

PRESIETTIONS/PUBLICATIONS -None
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An ongoing basic study of enzyme production by Pseudomonas a -
nosa has been carried on to determine, if possible, distinctive enzyme
production patterns that might be associated with virulence of this
species. No other attribute thus far demonstrated has been shown to
correlate with virulence as it is demonstrated by ability to incite
invasive sepsis of a burn wound. In 1980-1981, enzymes previously
assessed and continued included caseinase, amylase, elastase, lips*e
and lecithinase. Systems were added to assess fibrinolysin, hyaluroni-
dase and chondroitin sulphatase. Collagenase was sought by several means,
but could not be demonstrated. Correlations of enzyme patterns and
virulence will be the object of continued search.

Burns
Pseudomonas
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Enzymes
Hnmens
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Despite the use of effective topical cbiterpuIc agents,* threat
of invasive sepsis due to Pseutdomn Mf5a~ remins a significant
hazard to the burn patient. Kechanism of bacterial invasion of burn pa-
tients have not been elucidated to a significant degree, and study of pos-
sible enzyme-related mechanisms has been pursued. Reports have suggesed
that bacterial exoenzyme production, particularly proteases , may be a
possible cause of the pathogenesis of P. aeruainossa (1-3). Further,
several potent-reversible and irreverslie enzyme inhibitors have been
described. It has been postulated that such inhibitors may be of value
in the future for the clinical treatment of P. ~aameI nfections (4).

During 1980-1981,* 468 Isolates of Pseudomonas from burn patients
were examined in this laboratory for their ability to produce caaeinase,
amylase, elastase, lipase and lecithinase. Previous reports have sum-
marized the media and substrates used in plate assays for detection of
Pseudomonas enzyme production (5-6).

In this study period, assays were added for detection of fibrinolysin,
hyaluronidase and chondroitin suiphatase production by Peudomonas. Plate
assay technics, as described by Janda et al (7), were used for tedetec-
tion of the production of these enzymes by 72 Pseudomonas isolates from
burn patients.

1. Kawaharajo K, Home IT, Aoyama Y, Morihara K: In vivo studies
on protease and elastase from Paeudomonas aeruginosa. Jpn J Exp Hed 45:
89-100, 1975.

2. Kawaharajo K, lomma JY, Aoyama Y, Okada K, Morihara. K: Effects
of protease and elastsee from Pseudomonas aetuainosa on skin. Jpn J 1xp
Med 45:79-88, 1975,

3. Liu PV: Extracellular toxins of Pseudomona apruninosa. J
Infect Dis 130 (Suppi): S94-S90, 1974.

4. Nishino N, Powers JC: Pseudomonas aernlos4aelastase. Develop-
sent of a new substrate, Inhibitors and an affinity ligand. J liol Miss
255: 3482-3486, 1980.

5. English VC, Lindberg RD: Enzyme production and viculence of,
Pseudomonas aerualnosa recovered from soldiers with thermal injwy

* USAISR Annual Report FY 1979, MMC, Ft Sam Houston, Texas, pp M123-U.
6. English VC, Lindberg 15: Enzyme production and virulence *I

Pseudomnase 19M&MhaE recovered from soldiers with thermal injury..
* USAISI Annual Report ft 1980, BANC, Ft Sam Houston, Teas", pp M3-163.

7.* Janda 3M, bottone UJ: Psuaeinia E"rIs3s. enzyme profilass.
Predictor of potential invasiveness and use as an epidemiological tool.
J Clin Nicrobiol 24:55-60, 1981.

202



Fibrinolysin was measured by incorporating 280 me of hummn flbrnogen
(Sigma) into 100 al of nutrient agar (Difco). Following spot inoculation
of the medium, the plates were incubated for 24 hours at 370 C. Clear

zones so a diameter of greater than 2 an around bacterial growth
indicated lysts of human fibrinogen.

Production of hyaluronidase and chondroitin sulphatase was measured
by the appropriate substrate which was incorporated into brain heart in-
fusion agar (Difco). Hyaluronic acid from human umbilical cord (Sigma)
was added to the base medium so that the final concentration was 400
pg/ml. Similarly, chondroitin sulphate from whale cartilage (Sigma) was
prepared to achieve a substrate concentration of 400 Ug/gl in brain heart
infusion agar. Both media were supplemented with bovine albumin (Sigma),
1 gm/dl. After inoculation and 48 hours of incubation at 370 C, the plates
were flooded with 2N acetic acid. After 10 minutes, the excess acetic
acid was removed and positive reactions were determined by the presence
of a clear zone around the inoculum.

The re&Ats of tests performed on P. aeruginosa isolates are shown
in Table 1. Caseinase, lipase and lecithinase were produced by 97.2%,
89.1% and 82.9Z, respectively, of 468 isolates tested. There were no
isolates which produced amylase. Fibrinolysin was produced by 97.2% of
72 isolates tested. Neither hyaluronidase nor chondroitin sulphatase
production could be demonstrated.

It is interesting to note that only 14.1% of P. aeruginosa were able
to produce elastase during 1980-1981, compared to 86% of the strains
tested in 1979-1980. Table 2 summarizes elastase activity of P. 1rui-
nos& from various sources. Pseudomonads cultured from wound areas (swab
cultures, biopsies and contact plates) were the most frequent elastase
producers when compared to other body sources from which Pseudomonas was
isolated. It was in June 1980 that the recovery of elastase-producing
isolates of Pseudomonas began to decline. Although the decline was
gradual, few strains which produce elastase are currently being recovered.
This shift in the elastolytic characteristic of clinical isolates of
Pseudomonas is a probable reflection of changes in the population of the
Pseudomonas flora in the burn ward. Such biophysiological changes have
been noted among Pseudomonas and other bacterial species in the past.
It is likely that the incidence of Pseudomonas capable of producing
elastase and other enzymes will continue to fluctuate with changes in the
population of the burn ward flora.

A particular pattern of enzyme production could not be established
when comparing individual Pseudomonas isolates. Isolates from an indi-
vidual patient showed a tendency toward like patterns of enzyme production,
but dissimilar patterns were found also.

Efforts to demonstrate collagenase activity by P. aeruginosa isolated
from burn ward patients were unsuccessful. Collagenolytic activity of
anaerobic bacteria is well established. Among aerobic bacteria, true
collagenolytic activity has not been conclusively demonstrated. Waldvogel
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Inhalation injuries are usually produced by inhalation of gaseous or
particulate products of incomplete combustion and are rarely due to heat
per se unless steam is inhaled. The clinical and anatomic characteristics
of an appropriate animal model should mimic the disease encountered clini-
cally. A model of inhalation injury has been produced in anesthetized
goats through the use of a modified bee smoker. The smoke is delivered
at a low temperature and contains by-products of incomplete combustion.

This reproducible injury produces necrotic tracheobronchitis andbronchiolitts with peeudomembrane and cast formation in association with
mild mltifocal atelectasis and bronchopneumonia. These lesions sponta-
neously resolve within three weeks without supportive therapy. The upper
trachea, protected from smoke injury by the inflated cuff of the endo-

tracheal tube, showed no evidence of injury. This nonlethal injury is
proposed as an appropriate model for evaluation of the pathophysiology
and treatment of inhalation injury.

Goats
Smoke
Inhalation injury
Burn injury
Nonlethal injury
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS WITH
THERMAL INJURY -- EXPERIMENTAL INHALATION INJURY IN THE GOAT

The incidence of inhalation injury in patients admitted to burn cen-
ters has been estimated to be from 15 to over 30% (1). In a study of 100
patients admitted to the University of Wisconsin Burn Center and the Duke
University Burn Service, 33 showed bronchoscopic evidence of inhalation
injury (2). In spite of the remarkable recovery capacity of the respira-
tory system, the mortality rate in such cases is estimated to be from 48
to 86% (3). In patients with extensive burns, the mortality rate of those
with inhalation injury exceeds that expected for patients without such in-
jury (4).

Inhalation injuries commonly take the form of an inflammatory tracheo-
bronchitis due to inhalation of gaseous or particulate products of incom-
plete combustion and are rarely due to heat alone unless steam has been
inhaled (5). These toxic substances include acetic acid, acetic anhydride,
oxides of nitrogen, acrolein, sulphur dioxide, forwaldehyde and cyanide.

As a result of improved techniques of early resuscitation, burn pa-
tients rarely succumb to shock or renal failure, which in the past were
major causes of early death. The impact of inhalation injury has become
more prominent and emphasizes the need for an animal model of the injury
independent of any complications caused by cutaneous burns.

This report describes a model of inhalation injury in the goat in
which reproducible nonlethal inhalation injury accompanies histologic
changes which occur in a predictable manner. The clinical and anatomic

characteristics of this model compare favorably with those of inhalation
injury in man.

MATERIALS AND METHODS

Construction and adaptation of bee smoker for producing inhalation
injury. Inhalation injury was produced in anesthetized goats using a

1. Achauer BM, Allyn PA, Furnas DW et al: Pulmonary complications

of burns: The major threat to the burn patient. Ann Surg 177:311-319,

1973.
2. Moylan JA, Chan CK: Inhalation injury: An increasing problem.

Ann Surg 188:34-37, 1978.
3. Levine BA, Petroff PA, Slade CL et al: Prospective trials of

dexamethasone and aerosolized gentamicin in the treatment of inhalation

injury in the burned patient. J Trauma 18:188-193, 1978.

4. Agee RN, Long J II, Hunt JL et al: Use of 13 3 Xenon in early

diagnosis of inhalation injury. J Trauma 16:218-224, 1976.

5. Morits AR, Henriques FC Jr, McLean R: The effects of inhaled

heat on the air passages and lungs: An experimental investigation. m
J Pathol 21:311-325, 1945.
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Figure 2. Smoker with endotracheal tube attached.
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modified bee smoker. A standard-sized bee smoker (model number N-3) nanu-
factured by A.R. Root CompanyR, San Antonio, Texas, was adapted for at-
tachment to an endotracheal tube. The nozzle of the smoker was removed
from the can or body of the smoker and a brass adapter soldered to the
opening of the nozzle. This brass adapter (3/4" long, 1" OD with a 5/16"
ID) served to connect the endotracheal tube to the smoker nozzle. To pre-
vent leakage of smoke, one of two brass rings (OD 5-3/4" and ID 4-1/4")
was soldered to the base of the nozzle and the other to the top of the
can or body of the bee smoker (Fig. 1). A 5" neoprene (chloroprene rub-
bar) ring was placed between the two brass rings, and the rings were held
firmly together and the nozzle secured on the can with two #10 paper clips
(Fig. 2).

Nethod of inhalation .ury (nonlethal). Twenty-two goats ranging in
weight from 18 to 44 kg were used in this study. Food was withheld 24
hours prior to any study. Each animal was anesthetized with intravenous

aethohexital sodiun, 10-15 mg/kg, placed in ventral recunbency on a flat
surface and ntubated with a cuffed endotracheal tube of appropriate size.

The fire chamber of the bee smoker was half filled with dyed cotton
towel wte, .a fuel which resulted in umiform pulmonary injury. After
ignition of the fuel, the smoker was counected to the endotracheal tube
and smoke delivered to the lungs by pushing the bellows 15 times. Thi
procedure was repeated a total of four times, checking each tme for ade-
quate smoke production by the ignited waste, with a time lapse between
each repetition of 1-1/2 to 2 minutes.

Moth" of t erture moirg. All temperature measurements were
taken with a Tele-Thermameter (S! lel 438C), Yellow Springs Ins tro t
Co., Inc. The sensor end of the Tele-Thermometer probe was placed in the
distal end of the endotracheal tube for measuring temperatures of the
animal's trachea, the smoke produced by the smoking evice and the ambiet
air of the working area.

Using the device without fire to measure the temperature of the
ambient air at the distal end of the endotracheal tube prior to intubation
of the animal, it was found to be 26.50 C. After intubation of the animal,
the temperature of the air rose to 370 C at the distal end of the endo-
tracheal tube.

Prior to intubating the animal, the temperature of the smoke produced
by the device was measured and found to be 460 C at the distal end of the
endotracheal tube. With the animal intubated, the temperature of the smoke
delivered to the distal end of the andotracheal tube dropped to 390 C.

Pathology. For gross and microscopic studies of the lungs and trachea-
bronchial tree the animals ware sacrificed on days 1, 2, 3, 5, 6, 7, 8, 9,
10, 14 and 15. Tissue samples were processed routinely for light micro-
soapy.o
se"

RESULTS

So animals died from this procedure. They were eating and drinkint
normally within 24 hours after injury. Smoke exposure regularly produced
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necrotic tracheobronchitis and bronchiolitis with pseudomembrane and cast
formation (Fig. 3). Sloughing casts composed of necrotic respiratory epi-
thelium (Fig. 4) occurred and were associated with a mild multifocal
atelectasis and bronchopneumonia. These lesions resolved within three
weeks without supportive therapy. In each goat, the upper segment of the
trachea, which was protected from smoke injury by the inflated cuff on the
endotracheal tube, showed no evidence of injury. Intubated control ani-
mals which were not insufflated with smoke showed no significant lesions.

DISCUSSION

Moritz and his colleagues (5) observed in dogs that only when the
temperature of heated air alone was high enough to produce instantaneous
burning of the skin and upper respiratory mucosa was there sufficient
residual heat in the air reaching the lungs to cause pulmonary injury.
The same nvestigators experimented with inhaled steam; the resultant
pulmonary injury was severe, and the animals survived mly for a period
of 10 hours. Hot air, flame, blast, and steam were. used to produce in-
halation injury in animals by these investigators, and smoke was never
included as part of their studies.

A murine model of inhalation injury has been described by Zawacki et
al (6). In this model, burned and unburned mice exhibited reproducible
responses and mortality following controlled exposures to smoke. How-
ever, burned mice receiving a 4-minute dose of 850 C smoke failed to
develop major histological changes in the trachea or lunge even though
they lived several days before death occurred.

In earlier prototype studies, a lethal inhalation Injury in fte goat
was produced using an endotracheal tube 70 cm In length. The tIp of the
endotracheal tube extended to the caria of the trachea in the anial of
the size used. The described smoking procedure using such en ead tracheal
tube resulted in a severe injury causing death of the animal in 12 to 18
hours. The rapid demise of such animals made study difflcmt sad bore
little resemblance to the clinically encountered disease' The **eri-
mental model of inhalation injury here described reliably and cosatently
produces histological changes in the tracheobronchial tree resembling
those seen in patients. The nonlethal irbalation injury as described
will permit useful assessment of the pathophysiology and treatment of such
injury. Infliction of both inhalation injury and cutaneous burn injury
in the study animal may even allow one to study the interaction between
such injuries.

6. Zawacki BE, Jung RC, Joyce J at al: Smoke, burns, and the natu-
ral history of inhalation injury in fire victim: A correlation of ex-
perimental and clinical data. Ann Sur& 185:100-110, 1977.

PUBLICATIONS

Walker HL, McLeod CC Jr, Ncanus WF: hxperimental inhalation Injury
in the goat. J Trauma 21:962-964, 1981.
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Figure 3. Trachea with sloughing necrotic ucosa. Darkened
subpleural foci (arrow) represent atelectasia and mild pneu-
monia.
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Figure 4. N4ecrotic cellular casts (arrows) in bronchi of sec-
tions cut through right cranial lobe. Darkened areas represent
atelectasis and mild acute bronchopneiuni&.
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In the continuing search for methods to achieve control of Pseudo-
monas aeruginosa and other burn wound infections, we have examined an
experimental sterilant containing sodium chlorite and lactic acid, in a
hydroxyethyl cellulose polymer gel. This sterilant exerts significant
control of Pseudomonas aerusinosa infection with treatment 1 hour post-
burn in a well-characterized animal model. These experiments indicate
that greater protection can be achieved in the burn-infected animals
when treatment is delayed for 24 hours. Previous experiments with
aqueous chlorine compounds by other investigators and these experiments
with a hydroxyethyl cellulose polymer gel containing chlorine show that
they can control infections. No significant toxicity was demonstrated
by sodium chlorite-lactic acid gel in animals with 601 total body surface
burns when treated for 10 days with concentrations of sodium chlorite-
lactic acid gel up to 0.81.

Rats
Burn injury
Pseudomonas
Chemotherapy
Sodium chlorite-lactic acid gel
Burn wound sepsis
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STUDIES OF INFECTION AND MICROBIOLOGIC SURVEILLANCE OF TROOPS WITH THERMAL
INJURY -- TOPICAL USE OF SODIUM CHLORITE-LACTIC ACID GEL IN PSEUD0KOA6

BURN WOUND SEPSIS

Topical chemotherapy is widely used for the control of bacterial
flora in burn wounds. Infection of burn wounds is controlled to a varying
extent by topical use of silver nitrate, silver sulfadiazine or mafenide
acetate in most burn centers. These drugs do not entirely preclude burn
infection, and such infection continues to be a cause of death in burn
patients. With emerging microbial resistance to some agents and unde-
sirable side effects with others, exploration of new antimicrobials is
warranted.

Sodium chlorite-lactic acid gel (supplied by Alcide Corporation, 38
East Mall, Plainview, New York 11803) is an experimental sterilant lethal
to Staphylococcus, Klebsiella, Enterobacter, Pseudomonas and Escherichia
in vitro. In this study, this sodium chlorite-lactic acid combination
was used in gel form for the topical treatment of experimental Pseudomonas
aeruginosa burn wound sepsis. The gel was used as a two-part drug, part
A containing sodium chlorite and part B containing lactic acid. In the
mixed gel, the acid releases chlorine dioxide, the principal active agent.
(See Annex I for the formulation of sodium chlorite-lactic acid gel.)

Chlorine compounds are not new to wound or burn therapy. In World
War I, battlefield wound infections were treated topically with Dakin solu-
tion or 0.5Z sodium hypochlorite. This approach to wound infection was
developed by Alexis Carrel, a surgeon, and Henry D. Dakin, a chemist (1).
The wounds Carrel treated were deep, jagged, filled with dead and dying
tissue, soaked in wound secretions, and often contained dirt; the idea
of applying an antiseptic to such wounds seems natural. The difficult
problem, then as now, was to find an antiseptic with sufficient potency to
destroy microorganisms which was not harmful to healthy tissue or toxic to
the patient. The task of finding such an antiseptic fell to Dakin. Since
the introduction of Dakin solution, many changes have been made in its com-
position and formulation.

The use of Dakin hypochlorite solutions for the topical chemotherapy
of burns was described by Bunyan in World War 1 (2). He employed envel-

*opes of silk impregnated with Bakelite which were placed over wounds on
the arms, legs or torso. The envelopes were sealed and irrigations were
done through openings; it was not necessary to disturb dressings to treat
the wounds. This method was reported to relieve pain, reduce inflamation
and control primary infections, but has never achieved any wide acceptance.

1. Burdick AS: The Dakin chlorine-carrying antiseptics. Am J Clin
Med 25:749-755, 1918.

2. Bunyan J: The treatment of wounds and bums by the envelope
method. General Practitioner of Australia and New Zealand 14:190-193,
1943.
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Milton solution containing 1% sodium hypochlorite and 16.5% sodium
chloride (3) has been used as a topical antimicrobial agent. It was reported
to accelerate separation of the eschar, permit earlier skin grafting and re-
duce bacterial counts in a majority of patients without producing significant
side effects. The use of an irrigation technique enabled this solution to
be applied regularly without the need for frequent changing 0 dressings.

Pluronic gel F-127 was reported to be an effective base for the topi-
cal application of silver nitrate or silver lactate on burns covering 18%
to 22% of the total body surface in rats (4). Some protection was afforded
by the Pluronic gel alone. Incorporation of antimicrobial agents enhanced
the effectiveness of the dressing.

The successful control of P. aeruginosa burn wound sepsis by use of
mafenide acetate burn cream was demonstrated both in an animal model (5,6)
and in burn patients by Lindberg and his colleagues in 1968 (7). These
studies showed diminished mortality in burn patients; most of the improve-
ment occurred in burns involving 30% to 60Z of the total body surface.
There was no improvement of survival in patients with burns greater than
60% of the total body surface.

In a 1966-1970 study of 350 patients at the Shriners Burn Institute
and Cincinnati General Hospital, Cincinnati, Ohio, topical gentamycin
and silver sulfadiazine were evaluated in a parallel study and were re-
ported to produce better results than silver nitrate (8). That study also
showed that none of the agents exerted a significant influence on survival
in patients with burns exceeding 50% of the total body surface area.

Laboratory studies show that mixtures of sodium chlorite and lactic
acid have a wide range of bactericidal activity, controlling gram-positive
bacteria and gram-negative bacteria. The purpose of the present study
was to test the control of P. aeruginosa burn wound sepsis by this com-
bination in a well-characterized model in the rat (5,6).

MATERIALS AND MET1HODS

Adult, Sprague-Dawley (Holtzman strain) rats were used throughout

3. Hirshowitz. B, Moscona AR, Lefler E: Milton for the treatment of
burns using the irrigation technique. Burns 5: 2 8,- 2 84 , 1979.

4. Nalbandian RM, Henry RL, Wilke HS: A-tificial skin. II. Pluronic
F-127 silver nitrate or silver lactate gel in the treatment of thermal
burns. J Biomed Mater Res 6:583-590, 1972.

5. Walker HL, Mason AD Jr: A standard animal burn. J Trauma 8:
1049-1051, 1968.

6. Walker HL, Mason AD Jr, Raulston GL: Surfacc infection with
Pseudomonas aeruuinosa. Ann Sur& 160:297-305, 1964.

7. Lindberg RB, Moncrief JA, Mason AD Jr: Control of experimental
and clinical burn wound sepsis by topical application of Splfamylon com-
pounds. Ann NY Acad Sci 150:950-960, 1968.

8. Lynch JB, Lewis SR: Symposium on the Treatment of Burns. C.V.
Mosby, St. Louis, 1973.
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this investigation. All animals were conditioned, anesthetized, burned
and seeded as previously reported (5,6). This procedure involves a uni-
form full-thickness, nonlethal burn covering 18% to 22% of the total body
surface which results in high mortality when seeded with P. aeruginosa.

A second burn procedure was used to produce a 60% full-thickness
injury. This was accomplished by a 10-second exposure of an area of the
dorsum to boiling water and exposure of an are4 of the abdomen for 2.5
seconds to boiling water. Prior to burnitg the abdomen, 10 ml of normal
saline was given by intraperitoneal injection to prevent the burning of
the muscle layer and visceral organs and to accomplish fluid resuscitc-
tion. This 602 burn alone produces about 20% mortality. After burning,
water and food were provided ad libitum for all test animals. An ambient
temperature range of 210 C to 270 C was maintained. Survivors were ob-
served for 30 days after seeding or seeding and treatment.

Organisms. P. aeruginosa, strain ISR 12-4-4 (59) was the challenge
microorganism employed throughout the study. This microorganism was iso-
lated from the blood culture of a patient who expired with septicemia
following second- and third-degree burn trauma over 70% of her body. A
sufficient quantity of this microorganism was grown in evaporated milk,
frozen and placed in storage at -800 C for preservation. Cultures for
use in the entire series of experiments were prepared from the frozen
preserved samples; 0.1 ml of the microorganism-milk mixture was placed
in 9.9 ml of trypticase soy broth and incubated for 18 hours prior to
use.

Challenge techniques. The usual seeding culture contained 108 or-
ganisms per ml, and 1 al of this 18-hour culture was used. The standard
area topically seeded was 64 cm2 for a 20% burn and 96 cM2 for all burns
greater than 20%. The dose was evenly distributed over the entire burned
area.

Single treatment with sodium chlorite-lactic acid gel. This exper-
iment was designed to evaluate the antimicrobial activity of sodium
chlorite-lactic acid gel with only one application, and to determine
whether a single delayed treatment with sodium chlorite-lactic acid gel
had any beneficial effect.

Treatment prior to seeding. Three drugs were evaluated as a treat-
ment prior to seeding with P. aeruginosa. Hafenide acetate, silver
sulfadiazine and sodium chlorite-lactic acid gel were placed on the burn
areas 1 hour prior to seeding with the microorganisms; all exceis drug
was removed from the burn wound to allow the microorganism contact with
the burned area and, thereafter, the drug treatments were continued for
10 days.

Treatment of 60% burns with mafenide acetate, silver sulfadissme
and sodium chlorite-lactic acid iel. Three groups of 602 seeded burned
rats were treated with single daily doses of either mafenide acetate,
silver sulfadiazine or sodium chlorite-lactic acid gel. Treatments began
on postburn day 0 and continued through day 10.
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Toxicity studies. The standard area topically treated with graded
doses of 0.62, 0.8% and 1% sodium chlorite-lactic acid gel was 192 cm2

for the 60% burn. Sodium chlorite-lactic acid gel was evenly distributed
over the entire area. All treatment for the toxicity studies began on
postburn day 0 and continued to postburn day 10. For comparison, groups
of untreated animals were also studied. Selected rats from each test
group were examined for gross and microscopic changes.

Disc susceptibility testing on graded concentrations of sodium
chlorite-lactic acid gel. The concentration of sodium chlorite-lactic
acid gel for this in vitro study ranged from a high of 0.8% to a low 0.22
for the determination of the susceptibility of the microorganism to the
drug. Dilutions were made by using the concentrated sodium chlorite-
lactic acid gel plus the addition of gelling material as a diluent. A
filter paper disc 7 mm in diameter was impregnated with 0.05 ml of the
appropriate concentration of sodium chlorite-lactic acid gel for agar
diffusion studies. Agar diffusion studies were carried out using the
standard Kirby-Bauer agar overlay technique for disc susceptibility
testing.

RESULTS

Topical treatment of 20% experimental burn wound sepsis. Table 1 sum-
marizes the results of challenges and treatment with three concentrations
of sodium chlorite. One hundred sixty-one animals were burned over 20% of
the total body surface and seeded with ISR strain 12-4-4 (59). These were
treated daily for 10 days with sodium chlorite-lactic acid gel of varying
concentrations from 0.6% to 1.0% sodium chlorite. In a group of 82 ani-
mals treated with 0.6% sodium chlorite, 36 died between days 7 and 17. A
second group of 23 animals was treated with 0.8% sodium chlorite. In this
group of animals, five deaths occurred between days 9 and 15. A third
group of 56 animals was treated with 1.0% sodium chlorite. Three animals
died between days 5 and 16. A fourth group of 59 animals burned over 202
of the total body surface and seeded with ISR strain 12-4-4 (59) served as
controls. Fifty-seven died between days 4 and 12. The mortality among
these four groups of animals is different, and Chi-square tests of signif-
icance show X2 (,) (1,2,3 vs 4) - 83.46***, X2 (I) (1 vs 2,3) - 23.11** and
X2(1) (2 vs 3) - 4.80*.

Single treatment and delayed single treatment (Table 2). A group of
29 animals was burned over 20% of total body surface, seeded with ISR
strain 12-4-4 (59) and treated with a single dose of sodium chlorite-lactic
acid gel 1.0% on postburn day 0, followed by nine applications of placebo
gel. Eighteen died between days 8 and 21. A second group of 28 animals
was seeded with ISR strain 12-4-4 (59) and treated with a single dose of
sodium chlorite-lactic acid gel 1.0% on postburn day 1, followed by nine
applications of placebo gel. Two died between days 3 and 13. A third
group of 19 animals burned over 20% of their total body surface and seeded
with ISR strain 12-4-4 (59) served as burn challenge controls. Sixteen
died between days 7 and 12. The mortality among these three groups of
animals is different, and Chi-square test of significance shows XZ(1) (1 vs
2) = 18.87**.
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Table 1. Graded concentrations of sodium chlorite-lactic acid gel
on 202 burn, challenged with ISR strain 12-4-4 (59)

Z Sodium Treatment No. of Time to death

chlorite (days) animals No. died (days)

0.6 10 82 36 7-17 (11.95)*

0.8 10 23 5 9-15 (10.4)

1.0 10 56 3 5-16 (11.0)

- - 59 57 4-12 (9.0)

* Number in parentheses indicates the mean.

Table 2. Sodium chloride-lactic acid gel and placebo gel treatment of
20% burn challenged with ISR strain 12-4-4 (59)

Z Sodium Treatment Placebo No. of Time to death
chlorite (days) gel animals No. died (days)

1.0* 1 9 29 18 8-21 (12.2)**

1.0"** 1 9 28 2 3-13 (8.0)

- - 19 16 7-12 (9.0)

* Single treatment on day 0 of burn and the remaining 9 days of treat-
ment with placebo gel.

** Number in parentheses indicates the mean.
*** Single treatment on postburn day 1 and the rmining 9 days of

treatment with placebo Sel.
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Treatment prior to seeding (Table 3). In the clinical situation,
treatment of burn wounds hopefully begins prior to massive seeding of
the burn wound with microorganisms. The following groups of animals
demonstrate that P. aeruginosa can be controlled with treatment prior to
seeding. One group of 20 animals was seeded over 20% of total body sur-
face following safenide acetate application to the burn area 1 hour prior
to seeding. Single daily doses of 10% mafenide acetate continued for a
period of 10 days. All animals lived for a period of 21 days of observa-
tion. A second group of 20 animals was burned over 20Z of total body
surface and 11 silver sulfadiazine applied to the burn area 1 hour prior
to seeding. Single daily doses of 1% silver sulfadiazine continued for a
period of 10 days. All animals lived for a period of 21 days of observa-
tion. A third group of 10 anim ls was seeded over 20% of total body our-
face area following sodium chlorite-lactic acid gel 1.0% application to
the unseeded burn area 1 hour prior to seeding. Single daily doses of
1.0% sodium chlorite-lactic acid gel continued for 10 days. All animals
lived through a period of 21 days of observation. A fourth group of
eight animals was seeded over 20Z of total body surface following applica-
tion of 0.81 sodium chlorite-lactic acid gel to the unseeded burn area 1
hour prior to seeding with ISR strain 12-4-4 (59). One animal died on
day 16. A fifth group of 18 animals burned over 20% of their total body
surface and seeded with ISR strain 12-4-4 (59) served as burn challenge
controls. Seventeen died between days 8 and 14.

Sixty percent burn challenge and treatment with mafenide acetate,
silver sulfadiazine and sodium chlorite-lactic acid gel. Table 4 summa-
rizes the results of treatment and challenges. The first group of 10
animals was burned over 60Z of the total body surface, seeded with ISR
strain 12-4-4 (59) and treated with daily doses of 102 mafenide acetate
for a period of 10 days. Nine died between days 7 and 20. A second group
of nine animals was burned over 60Z of the total body surface, seeded with
ISR strain 12-4-4 (59) and treated with daily doses of 11 silver sulfadia-
zine for a period of 10 days. One died on day 17. A third group of 10
animals was burned over 60% of the total body surface, seeded with ISR
strain 12-4-4 (59) and treated with daily doses of 0.62 sodium chlorite-
lactic acid gel. Six died between days 4 and 14. A fourth group of seven
animals was burned over 60Z of the total body surface and seeded with ISR
strain 12-4-4 (59); these animals served as burn untreated controls. All
died between days 1 and 7.

Toxicity studies (Table 5). Twenty animals were burned over 602 of
the total body surface and challenged by 10 applicotens of 0.62 sodium
chlorite-lactic acid gel. Five animals died between days 4 and 10. In a
second group of 52 animals burned over 60% of the total body surface and
challenged by 10 applications of 0.8Z sodium chlorite-lactic acid gel,
seven animals died between days 6 and 21. In a third group of 29 animals
burned over 602 of their total body surface and challenged by 10 applica-
tions of 1.02 sodium chlorite-lactic acid gel, 12 animals died between
days 4 and 19. Forty-three animals burned over 602 of their total body
surface served as untreated burn controls. Seven animals 4ied between
days 4 and 21. The mortality among these four groups of animals differed

223

L..



0 t
-t 4

I CIO

ma 4 r4 I- 0-

944

* 8 2 r- a

00

0 0 0 4

4146

00

94 14

.0 A

cf-4 94

224



41a u 0 1

10

t% -t "

14. 41

w ~ V~ 0% p4 '

00

418

8-40

A~ ~ U 1% 0 1
4.r*r -I v-4w-4e

(AE

41 41-I4
411

O% a. E

'4
441

4 . E

0~225



only for the third group, and Qhi-square test of significance shows

X2 ( (1.2 3 vs 4) - 0 . 9 9NS , Xz(1 ) (1,2 vs 3) - 6.96** and X2(1) (1 vs
2) 1-l. 38HS .

Table 5. Toxicity studies, 60% burns treated with sodium
chlorite-lactic acid gel

Z Sodium Treatment No. of Time to death
chlorite (days) animals No. died (days)

0.6 10 20 5 4-10 (8.4)*

0.8 10 52 7 6-21 (11.0)

1.0 10 29 12 4-19 (7.7)

- - 43 7 4-21 (13.0)

* Number in parentheses indicates the mean.

Disc susceptibility testing on sodium chlorite-lactic acid Eel (Table
6). Table 6 summarizes the in vitro disc susceptibility testing on sodium
chlorite-lactic acid gel. Sixty-four isolates of microorganims from
burn patients show no evidence of resistance above 0.3% concentration of
sodium chlorite-lactic acid gel. Only two isolates of Staphylococcus
epidermidis were resistant in the two lowest concentrations, 0.3Z and 0.21,
of sodium chlorite-lactic acid gel.

Pathology in 601 burn. Graded concentrations of sodium chlorite-
lactic acid gel were tested topically daily for 10 days on 60Z burned
rats, and it was found that 1.OZ sodium chlorite-lactic acid gel, the
highest concentration usedb produced significant degeneration of the liver.
Cellular changes and necrosis were observed in the livers and kidneys of 11
rats that died after being treated with 1Z sodium chlorite-lactic acid gel.
These changes, which did not occur in tLie 20Z burn, represent significant
toxicity of sodium chlorite at this concentration. Also observed was a
discoloration (bronze-tinting with hematoxylin and eosin stains) of ery-
throcytes in tissue sections from rats that died following topical appli-
cation of sodium chlorite. Sodium chlorite, when ingested in high concen-
trations, is known to have a toxic effect on erythrocytes.

These toxic changes failed to appear when lower concentrations of
sodium chlorite-lactic acid gel were used topically on 60Z burned rats.
Therefore, the concentration of sodium chlorite-lactic acid gel selected
to be used for the toxicity study on 602 burns was 0.81, applied for 10
days daily or until the animals were sacrificed for gross and pathological
examinations. Forty rats were burned over 60Z of their total body surface;
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20 rats were treated with 0.8% sodium chlorite-lactic acid gel, and the
remaining 20 rats served as untreated burn controls. The treated and the
untreated 60% burned rats were sacrificed for both gross and histological
examinations on postburn days 6, 7, 12 and 15. The examinations showed no
gross or histologic evidence of toxicity changes in the tissue studied:
heart, lung, liver, kidney, spleen, adrenal and pancreas.

DISCUSSION

Although sodium hypochlorite is an effective surface bactericidal
agent, it has many disadvantages and is of debatable effectiveness as a
topical agent in burns. Frequent flushing of the wound is time-consuming
and the use of a gelling material as a vehicle for chlorine or chlorine
dioxide provides its own cover and obviates some of the objections to
Dakin and Milton solutions and the envelope method.

The ideal antiseptic for burn therapy should control both gram-
positive and gram-negative organisms. Unfortunately, animal models of
burn Vound sepsis do not exist for the study of all pathogenic micro-
organisms. Standardized models therefore are indispensable to assessment
of such agents. Evaluation is often assisted by various in vitro methods
such as disc susceptibility testing.

The results of this study show sodium chlorite-lactic acid gel to
have good in vivo, as well as in vitro, properties. The compound is rela-
tively nontoxic as shown in particular by the 60Z burn toxicity study
where 0.81 sodium chlorite-lactic acid gel mortality is not significantly
greater than that in the control group (Table 5). Surprisingly, sodium
chlorite-lactic acid gel gave excellent results with only one treatment
(rather than 10) and with one day's delay (Table 2). Ordinarily, postpone-
ment of therapy makes treatment less effective. This finding probably
indicates good wound penetration by the active agent. Table 4 shows
sodium chlorite-lactic acid gel to be better than mafenide acetate but not
as good as silver sulfadiazine in the treatment of a nonresistant virulent
strain of P. aeruginosa burn wound sepsis in a 60% burn.

The sodium chlorite-lactic acid gel have to be altered before it can
be used clinically. Additives such as wetting agents may make the compound
work more rapidly in vitro; and raising of the pH, which is now 3.5, may
reduce toxicity when high concentrations (above 0.81 sodium chlorite) of
active ingredient are used.

flZSENTATIONS/PUBLICATIONS - None.
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AMEX I

FORMULAS

Part A:

ingredient Concentration, % v/W

Ix 2X 3X 4X 5X

sodium chlorite 0.40 0.80 1.20 1.60 2.00

Natrosol 250 M 2.00 2.00 2.00 2.00 2.00

ethyl alcohol USP 10.00 10.00 10.00 10.00 10.00

methyl paraben USP 0.18 0.18 0.18 0.18 0.18

propyl paraben USP 0.02 0.02 0.02 0.02 0.02

purified water USP 87.40 87.00 86.60 86.20 85.80

Total 100.00 100.00 100.00 100.00 100.00

Part B:

Ingredient Concentration* Z w/w

11 2X 3 4X 51

lactic acid, 85% 3.00 6.00 9.00 12.00 15.00

Natrosol 250 X 2.00 2.00 2.00 2.00 2.00

ethyl alcohol USP 10.00 10.00 10.00 10.00 10.00

methyl paraben USP 0.18 0.18 0.18 0.18 0.18

propyl paraben USP 0.02 0.02 0.02 0.02 0.02

purified water USP 84.80 81.80 78.80 75.80 72.80

Total 100.00 100.00 100.00 100.00 100.00

lx 2X 31 4X 51

Final concentration 0.2z 0.41 0.6Z 0.31 1.O1

of sodium chlorite
after aixiaS part

A and Part B
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K ABSTRACT
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PROJECT TITLE: THE STUDY OF METABOLISM AND NUTRITIONAL EFFECTS OF
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PROTEIN TURNOVER IN BURNED TROOPS: USE OF AN ANIMAL
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Investigators: Wanda L. Brown, M.S.
Eleanor G. Bowler, Ph.M.
Arthur D. Mason, Jr., M.D.

Reports Control Symbol MEDDR-288(Rl)

Groups of male Sprague-Dawley rats weighing from 180-200 g were anes-
thetized and subjected to a 20% body surface full-thickness scald burn or
sham burn. At 1 hour postburn, rats from each group were given a subcuta-
neous injection of hyaluronidase (150 N.P. units in I ml) into the wound
area. Rats from each group were sacrificed at intervals from 1-144 hours
postburn. The entire wound area was rapidly excised and used for determina-
tion of water content and dry weight, or of albumin content which was deter-
mined by radioimunoassay. Plasma volumes were determined on all of the
rats. No parenteral fluids were administered.

Plasma volume fell to approximately 70% of normal during the first
hour postburn but returned to normal by 24 hours postburn. Albumin and
water content of wounds of untreated burned rats (BU) increased in the
relative proportions in which they normally occur in plasma but the actual
amounts were approximately 1.5 al greater than the plasma volume deficit,
indicating that fluid from other tissues had been translocated into the
wound during that period.

The increase in water content of the burn wound (BU) reached approxi-
mately 702 of maximum at 6 hours postburn, slowed from 6-12 hous, and
reached a maximum of 8.8 ml more water than sham wound at 24 hours post-
burn. Water content declined slowly but the burn wounds still contained
4.4 ml more water than sham wounds 144 hours postburn.

The increase in albumin content of BU also reached a maximum 24

hours postburn and remained at that level through 72 hours. The albumin
content further increased slightly at 144 hours but the relative propor-
tions of albumin in plasma and wound of BU remained constant from 1-144
hours, indicating that the two pools were in equilibrium.
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Both the water and albumin content of hyaluronidase-treated burn
wounds (BUY) were significantly lower than those of the wounds of BU but
were higher than those of sham rats (SU and SHY). One-hour transfer rates
of labeled albumin showed that this was the result of more rapid flow
through the wounds of BHY, particularly during the early postburn period.

The dry weight of wounds of rats in Group EU was higher than that of
rats in Group BUY. The dry weights of wounds of rats in Groups SU and SHY
were significantly lower than those of both groups of burned rats. The
water content and dry weight of unburned skin of burned rats (BU) were
not significantly different from those of sham rats (SU).

In burned rats (BU) injected with 1251-labeled rat albumin just before
injury, we found that plasma albumin SA and burn wound albumin SA were
equal at 1 hour postburn. In contrast, in sham rats (SU), plasma albumin
SA was ten times wound albumin SA at 1 hour and SA in the two pools did not
become equal until 24 hours postburn. Subsequently, the plasma albumin SA
curve of BU declined at approximately the same rate as the plasma and wound
albumin SA of sham rats (SU). BU wound albumin SA continued higher than
the others through 144 hours postburn. In hyaluronidase-treated burned
rats the rate of decrease of albumin SA in plasma and wound (BY) was
more rapid than from those pools in Group EU during the first 72 hours
postburn but the rate slowly declined.

The labeled albumin data, when calculated as the percent of dose re-
maining in plasma, showed that almost twice as much labeled albumin disap-
peared from plasma of burned rats (BU) during the first hour postburn and
that 85% of that loss entered the burn wound. In contrast, 3% of labeled
albumin loss from sham plasma (SU) entered the sham woun1 in 1 hour.

We believe that due to the changes in the physical properties of the
connective tissue of the interstitium, to the large increase in the burn
wound albumin pool size, and to the altered hourly exchange rates of la-
beled albumin in the burn wound, the burn wound is an additional extravas-
cular compartment which cannot be satisfactorily described by the simpler
mathematical models which have customarily been used in the past. These
changes also are the cause of the persistent edema in the burn wound.

Albumin
Labeled albumin
Rat
Burn
Edema
Hyaluronidase
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STUDIES OF DISTURBANCE OF PROTEIN TURNOVER IN BURNED TROOPS'
USE OF AN ANIMAL MODEL

INTRODUCTION

In a previous study of the incorporation of (2-14C)glycine into serum
proteins of rats on the sixth day postburn, we concluded that the pro-
longed hypoalbuminemia which occurs following burn injury is not caused
by impaired synthesis but is, instead, a consequence of altered com-
partmentation (1). The postburn decrease in plasma albumin pool size
could be accounted for by an increase in the wound albumin pool, while
other tissues showed no change. Because albumin isolated from the burn
wound on the sixth postburn day had the same properties as native albumin
we concluded that the wound albumin pool was not static, but that it con-
tinued to exchange with the plasma albumin pool.

Our purpose in this study was to extend our previous work to the early
postburn period to determine the time course of edema development using the
same experimental rat burn model and the same analytical procedures used
in that study. To accomplish this we have made direct measurements of
albumin in plasma and in burn wound, of water content in burn wound, and
of labeled albumin exchange in rats with a 20% body surface burn between
I hour and 6 days postburn. In addition we have measured the effect on
edema accumulation of injecting hyaluronidase into the burn wound.

ANIMAL MODELS

Young Sprague-Dawley rats (Holzman, Madison, Wisconsin) weighing
180-200 g were anesthetized with sodium pentobarbital (1 mg/25 g) intra-
peritoneally. The hair on the dorsum was clipped and the rats were placed
in a protective mold which limited the area to be burned to 20% of the
body surface. Immersion of the exposed area of the dorsum in boiling
water for 10 seconds produced a full-thickness burn with sharp margins
(2).

Rats for sham burn were anesthetized, clipped, placed in the protec-
tive mold, and an area on the dorsum equal to that of the burn area was
outlined in ink.

At 1 hour postburn some rats from each group were given subcutaneous
injections of 0.2 ml hyaluronidase (Wydase, Wyeth Laboratories, Inc.,
Philadelphia) in 0.15 M NaCl into each of five sites in the wound (total
dose was 150 N.F. units in 1 ml). Other rats injected in the same manner
with 0.15 M NaCl served as controls for total water determination. The
water content of the wounds of the saline control group proved not to be

1. Brown WL, Bowler EG, Mason AD Jr, Pruitt BA Jr: Protein metabolism
in burned rats. Am J Physiol 231:476-482, 1976.

2. Walker HL, Mason AD Jr: A standard animal burn. J Trauma 8:1049-
1951, 1968.
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difff!-ent from that of the untreated rats so, for brevity, those results
are not shown. This Loaves the following four groups:

Group SU: Sham untreated
Group SEY: Sham hyaluronidase-treated
Group BU: Burned untreated
Group BUY: Burned hyaluronidase-treated

The rate were housed in individual cages and were permitted free
access to food (Purina Lab Chow) and water. No parenteral fluids were
administered.

MATERIALS AND METHODS

The following procedures have been previously described in detail
(1). Briefly, approximately 5 minutes before the scheduled time of sacri-
fice, 0.5 al (0.4 UCi) of 131I-labeled human serum albumin ( allinckrodt,
Hazlewood, Missouri) was injected into the tail vein of each rat. Each
rat was anesthetized with methoxyflurane, and as much blood as possible
was withdrawn from the heart. Care was taken to obtain a sample within
3-6 minutes for determination of plasma volume by isotope dilution.

The tissue within the margins of the burn wound, or within the inked
outline of the sham wound, was rapidly excised through the paniculus
carnosum to fascia. The entire sample, approximately 68 cmz surface area,
was used for analysis. This sample will be referred to below as wound
tissue whether from burned or sham burned rats.

The remainder of the skin (unburned skin) was removed from some of

the untreated rats for determination of total water content and dry weight.

Total Water Determination

Tissue samples were weighed imediately after excision and were dried
to constant weight at 70" C. Total water was determined as the difference
between the wet and dry weights.

Albumin Determination

The tissue from the wound was weighed, minced, homogenized in 9
volumes of 0.12 deoxycholate in 0.15 N NaCl, pH 8.0, and centrifuged (all
at 4 C). Aliquots of the supernate and of plasma were ismediately froxen
and stored at -20* C until the time of analysis. Albumin content of ex-
tracts and of plasma was determined by radioizimunoaesay.

Rat albumin, isolated by an alcohol-trichloroacetic acid extraCflg.
procedure (3) from freshly drawn normal rat serum, was labeled with 117t

3. Katz J, Sellers AL, Bonorri. 0, Goldon S. Studies on the extra-
vascular albumin of rats. in Plasma Protein Metabolism - Regulation of
Synthesis, DIstribution and Degradation, N.A. Rothschild and T. W&NVSa ,
Eds., Academic Press, New York, 1970, pp 135-136.
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(carrier free, New England Nuclear, Boston) by an iodine monochloride pro-
cedure (4). Average specific activity of the preparation was 80-100 Ci/mg
albumin and it contained less than 1Z free 12 51.

1) Rate were injected with 125i labeled albumin at various times
postburn (0.4 oCi/rat) and were sacrificed 1 hour after the
injection.

2) Labeled albumin was injected (8 UCi/rat) just before burn or
sham burn and the animals were sacrificed at intervals from 1
hour to 144 hours postburn.

3) Two sham rats (SU) and four burned rats (BU) were injected
with labeled albumin (8 UCi/rat) at 24 hours postburn and
sacrificed at 144 hours postburn.

Plasma volume and total plasma and wound albumin determinations were
pekformed on each of the rats in addition to labeled albumin determinations.

Corrections for intravascular albumin retained in the tissues was
made from the ratio of the 1311 specific activities of tissue and plasma
albumin. This was a particularly important correction in the 1-hour trans-
fer studies. In addition, for those rats which were injected with labeled
albumin during the first few hours postburn when the burned rats' plasma
volumes were significantly lower than those of the sham rats, the initial
specific activities of the albumin were adjusted to make them comparable
to those of the sham rats, using the ratio of the plasma albumin pool sizes
of burned and sham rate.

Tissue extracts and diluted plasma samples were precipitated with an
equal volume of 20% trichloroacetic acid (TCA) to separate protein-bound
and unbound iodine. 1251 and 1311 contents of the samples were determined
using a two-channel automatic gamma counter set to discriminate between
the two isotopes. Counting efficiency for 1251 was 672 and for 1311 was
402. Statistical counting error for all samples was 2-5Z.

Statistical Procedures

The significance of the differences between the treatment groups
(other than for the tracer studies) was determined by analysis of variance
(AlOY) using a computer program implementing a procedure outlined by Steel
and Torrie (5). This program permitted comparison, with or without trans-
formation of data, between groups of unequal size. Where noted, the data
were transformed to Naperian logarithms (In) before analysis to minimize

4. McFarlane AS: In vivo behavior of 1 3 1 1-fibrinogen. J CU In-
vest 42:346-361, 1963.

5. Steel ROD, Torri. JR: Principles and Procedures of Statistics.
McGraw Hill, New York, pp 112-115.
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heterogeneity of variance (6). Slopes and intercepts of labeled albumin
disappearance curves were determined by analysis of covariance (ANOCOV)
of In (specific activity or percent of dose) versus t (hour). Independent
comparisons between treatment groups were: SU versus SHY; EU versus BuY;
and (SU + SHY) versus (BU + BHY).

RESULTS

Plasma Volume

The mean plasma volume of burned rats was 3.2 ml less than that of
sham rats at 1 hour postburn and remained at approximately that volume
for 6 hours (Table 1).

At 24 hours postburn, the mean plasma volume of rats in Group BHY
showed a small, but statistically significant, increase over that of rats
in Group BU. Afterwards, the mean plasma volumes of rats in Groups DU
and BUY were not significantly different.

The mean plasma volumes of sham rats (SU and SHY) were significantly
different from one another only at 72 and 144 hours postburn. However,
the plasma volumes of rats in both sham groups were within normal range
throughout the period of study.

Mean plasma volumes of burned rats (BU + BY) were smaller than those
of sham rats (SU + SY) at 24 hours postburn but were greater than those
of sham rats at 48 hours postburn.

Total Water in Wound

The rate of increase in water content of the wounds of the burned rats
was greatest during the first half-hour postburn (Fig 1). Thirty minutes
after injury the wounds of rats of Group EU contained a mean of 3.2 al more
water than did the wounds of rats of Group SU. At 1 hour postburn the ex-
cess water content of the wounds of burned rats (U) had increased to 4.4

ml. This was approximately 1.7 ml greater than the decrease in the plasma
volume (2.7 ml) which occurred during that period, indicating that fluid
had been translocated from other tissues through the plasma into the wound.

The water content of the wounds of rats in Group BU continued to rise

and reached a mean of 6.1 ml more than sham wounds at 6 hours postburn.
The rate of increase slowed between 6 and 12 hours postburn before it again
began to rise. Maximum water content was attained at 24 hours postburn, at

which time the wounds of rats in Group BU contained a mean of 8.8 al more

water than did the wounds of rats in Group SU. Although the water content
of the burn wounds (BU) declined after 24 hours postburn, at 144 hours

postburn the water content remained approximately 1.8 times that of sham

wounds (SU).

6. Bartlett KS, Kendall DG. The statistical analysis of variance -

heterogeneity and the logarithmic transformation. J Royal Stat Soc Suppl
8:128-138, 1946.
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The mean water content of the wounds of rats in Group DRY Increased
very little after 6 hours postburn. It was significantly lower than that
of wounds of rats in Group BU at 24 hours (p < 0.001), 48 hours (p < 0.01).
and 72 hours (p < 0.05) postburn.

The mean water contents of wounds of sham rats (SU and SHY) were
similar except at 144 hours postburn when the wounds of rats in Group SKY
showed a small, but statistically significant, decrease iu water content
(p < 0.05).

Mean water contents of wounds of burned rats (BU + BUY) were signifi-
cantly higher than those of sham rats (SU + SKY) at each time measured (p

I < 0.001).

_ Weight of Wound

The mean dry weight of wounds of rats in Group BRY was significantly
lower than that of rats in Group BU at 24 and 72 hours postburn (p < 0.05)
but not significantly different at other times (Fig 2).

The mean dry weight of wounds of rats in Group SHY was significanty
lower than that of Group SU at 72 hours (p < 0.05) and at 144 hours (p
< 0.01) postburn, but they were similar at the other times.

Mean dry weights of wounds of burned rats (BU + BUY) were signifi-
cantly higher than those of sham rats (SU + SHY) at each time measured
(p < 0.001).

Water Content and Dry Weight of Unburned Skin

The mean water content of unburned skin of rats in Group EU was higher
than that of the rats in Group SU at 1/2, 18, and 36 hours (Fig 3). Al-
though these differences were statistically significant (p < 0.05), the
volume changes were small. At 24 hours postburn, the time at which the mean
water content of the burn wound of rats in Group BU reached a maximm, the
mean water content of the unburned skin of those rats dropped sharply,
but it was still within the lower limits of the control values.

The mean dry weight of the unburned skin of burned rats (BU) was
significantly lover than that of sham rats (SU) at 24 hours postburn (p
< 0.01) but was not significantly different at other times.

Tota Plasm Albumin

The mean total plasma albumin of rats in Otoup BU was £pproz1Mately
60% of that of rats in Group 51 at I hour postburn (Fig 4).

Total plasma albumIn of rats in Group MY was greater than that of
rats in Group EU at 3 hours postburn (p < 0.001). Total plasma albumin
of burned rats (BU and EY) was not significantly different from 24 to 72
hours postburn. At 144 hours postburn, the total plasma albumia of rats
in Group EY was significantly lower than in those n Group 19 (p < 0.01).
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The mean total plasma albumin of rats in Group SHY was significantly
lower than that of rats in Group SU from 24-144 hours postburn (p < 0.05).

Mean total albumin of burned rats (BU + BMY) was significantly lower
than that of sham rats (SU + SHY) at each time masured (3-72 hours, p
< 0.001; 144 hours, p < 0.01).

Total Albumin in Wound

The mean albumin content of wounds of rats in Group U was four times
that of wounds of rats in Group SU at 1 hour postburn (Fig 5). This in-
crease in the wound albumin content was approximately 26 mg greater than
the decrease in the plasma albumin content during that period, indicating
that translocation of albumin as well as water from other tissues had oc-
curred.

The mean albumin content of wounds of rats in Group BEY showed a small,
but statistically significant, increase over that of wounds of rats in

Group EU at 3 hours postburn (p < 0.01), but was significantly lower than
that of Group BU from 24-72 hours postburn (p < 0.001). There was no sig-
nificant difference in albumin content of wounds of rats in Groups EU end
BUY at 144 hours postburn.

Mean albumin content of wounds of rats in Group SHY was significantly
higher at 3 hours postburn (p < 0.01), and significantly lower at 4 hours
(p < 0.05) and 72-144 hours poetburn (p < 0.001) than that of rats in Group

SU.

Total plasma albumin of sham rats (SU + SHY) was significantly higher
(p < 0.001), and the wound albumin content significantly lower (p < 0.001)
than that of burned rats (BU + BEY) at each time measured.

1 2 5 1-labeled Albumin Iniected 1 Hour Pre-kill

After the first hour postburn, the 1-hour rate of disappearance of
labeled albumin from plasma of burned rats (BU and BEY) decreased raptdly.
After 24 hours postburn, the 1-hour disappearance rate from plasma Was
similar for all four groups of rats (Fig 6).

*no significant differences were observed between the mean rates of

entry (Z dose/br) of 1251-labeled albumin into the hyaluronidae-treated
wounds of sham rate (SHY) and untreated sham wounds (SU).

The uman rate of entY of libeled albumin into the hyaluronidase-

treated burn wounds (BY) remained higher than that into untreated burn

wounds (EU) through 24 hours postburn (p < 0.05), but was significantly
lower than that into untreated wounds at 48 and 72 hours (p < 0.01).

The mean rates of entry of labeled albumin into wounds of rate in

Groups (EU + skY) were significantly higher than those into sham vounds
Groups (SU + SHY) at each time measured (p < 0.001).
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The quantity of albumin transferred from plasma into wound (mg124 hr)
was estimated by multiplying the quantity of total albumin in the plasma
pool by the percentage transfer rate/hour of labeled albumin into the
wound. This showed that approximately 100 mg albumin was transferred into
the wounds of rats in Group BU, and 90 ng into wounds of rats in Group BUY
each 24 hours over the period from 24-72 hours postburn. The value for
sham rats (SU and SHY) was approximately 50 mg/24 hours.

In spite of the accelerated transfer of labeled albumin into wounds
of burned rats, the total albumin content of the wounds remained approxi-
mately 200 mg for Group BU and 150 mg for Group BHY during the period
24-72 hours postburn, indicating that an equal quantity of albumin was
being returned to plasma from the wound. Thus, the burn wound albumin
pool was not static, but was in dynamic equilibrium with the plasma pool.

Specific Activity - 1 251-labeled Albumin Injected Preburn

The mean specific activities (SA) of plasma albumin from sham (SU)
and burned (BU) rats were not significantly different at 1 hour postburn
(Fig 7). However, the mean wound albumin SA of the burned rats was ten

times that of the sham rats and was equal to approximately 80% of plasma
albumin SA of rats in Group BU by that time.

Analysis of covariance (ANOCOV) of the 24-144 hour segment of the
plasma albumin SA curves showed that the curves of all four groups of
rats (Figs 7 and 8) had common slopes and intercepts. The best fit equa-
tion was:

y w 11292e-0.0164t , r2 = 0.96

ANOCOV of the 24-144 hour segments of the wound albumin SA curves
showed that Groups SU and SHY had common slopes and intercepts, as did
those of Groups BU and BHY. The best fit equations were:

Groups SU and SHY: y - 12375e 0O0 1 lt , r2 - 0.96

Groups BU and BY: y - 18 58 0e-0.0
121t , r2 . 0.90

In spite of the reasonably good fit of the curves for burned rats, it
should be noted that the plasma albumin SA and the wound albumin SA
changed very little between 24 and 48 hours in contrast to the curves
of the sham and hyaluronidase-treated burn groups which had steeper
slopes during that period.

The slopes of the wound albumin Sk curves of sham rats (SU + SHY)
were significantly higher (p < 0.05) and the intercepts were significantly
lower (p < 0.001) than those of burned rats (EU + BHY).

The slopes of the plasma and wound albumin SA of rats in Groups SV,,
and SY were not significantly different between 24 and 144 hours postburn.
The intercept of the wound albumin. SA curves was only a little higher than

<.1 2148
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that of plasma albumin SA, but the differences were statistically sigaifi-
cant (SU, p < 0.01; SHY, p < 0.05).

Both the slopes and the intercepts of the wound albumin SA curves of
rats in Groups BU and BlY were higher than those of the plasma albumin SA
curves. The differences were statistically significant (slopes: BU, p
< 0.01; BY, p < 0.05; intercepts: EU and BY, p < 0.001).

12 51-labeled Albumin InJected at 24 Hours Postburn

The mean SA of plasma and wound albumin of two sham rats (SU) in-
jected at 24 hours postburn and sacrificed at 5 days after injection
were slightly different (plasma SA, 2168; wound SA, 3133). Mean wound
albumin SA of four burned rats (BU) was 2.5 times plasma albumin SA at
that time (plasma SA, 1842; wound SA, 4551).

Mean percent of dose remaining at 5 days after the injection in sham
rats (SU) was: plasma, 6.9%; wound, 1.6Z. For burned rats (BU) the values
were: plasma, 5.01; wound, 12.3%.

Percent of Dose - 1 251-labeled Albumin Injected Preburn

When the disappearance data were plotted as log (Z dose) vs t (hour)
(Pigs 9 and 10) the shape of the curves contrasted sharply with those of
the specific activity (SA) curves. Whereas the plasma albumin SA of rats
in Groups BU and SU were not significantly different at 1 hour postburn,
the data calculated as percent of dose showed that almost twice as much of
the labeled albumin had disappeared from the plasma of rats in Group BU as
from the plasma of Group SU during that hour and that approximately 85% of
the quantity of labeled albumin lost from the plasma of rats in Group BU
was present in the burn wound at 1 hour postburn. Only 3% of the labeled
albumin lost from the plasma of rats in Group SU was present in the sham
wound at that time.

ANOCOV of the 1n (% dose in plasma) vs t (hour) curves (24-144 hour
segment) showed that the slopes (fractional disappearance rates) of the
curves of Groups SU and SHY were not significantly different, but the in-
tercept (labeled albumin content) of the plasma albumin curve of Group SU
was significantly higher than that of Group SHY (p < 0.001). The best fit
equations were:

Group SU: y - 40.4le- 007 9 t , r2 - 0.99

Group SY: y - 30.33e-0 "0 1 69t , r2 . 0.98

The disappearance curves for labeled albumin in plasma of Groups BU
and BRY had comon slopes and intercepts. The best fit equation was:

Group BU and BMY: y - 20 .74e
"'O0147t , - 0.95

The intercepts of plasma labeled albumin disappearance curves of sham
rats (SU + SY) were significantly higher (p < 0.001) than those of burned
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rats (BU + BUY), indicating that transfer from plasma was more rapid- ,
the burned rats. The differences in the slopes of the plasma curves ago
difficult to interpret because of the large amount of labeled albumin cu-
mulated in the burn wound Imediately postburn; this highly labeled albumin
returning to the plasma may have masked the loss of labeled albumin from the
plasma of the burned rats.

The slopes of the percent dose curves for wounds of sham rats were not
significantly different but the intercept for the curve of Group SU was
significantly higher than that of Group SHY (p < 0.01). The equations were:

Group SU: y - 5 .lle
- 0 0 1 38t , r2 - 0.98

Group SHY: y - 4.21e- 0 0 15 8t r2  0.94

The curves for the disappearance of labeled albumin from wounds of
burned rats (Groups BU and BHY) were parallel from 24-72 hours postburn.
Afterwards, the slope of the curve for rats in Group BHY flattened while
the curve of Group BU continued downward. As a consequence, the percent
of dose of labeled albumin remaining in the wounds of the burned rats (BU
and BY) was almost equal at 144 hours postburn.

In an attempt to improve the fit of the curve for burn wound albumin
disappearance, an ANOCOV including only the data points for the interval
from 24-72 hours postburn was performed. Even so, the fit was much loes
precise than that of the other curves. The best fit equations were:

Group BU: y - 35.40e- O '0 1 16t , r2 - 0.88
Group BHY: y - 21.48e- 0 .0 13 3t ,2 - 0.69

The intercept of the wound albumin curve of Group BU was significantly
higher than that of Group BY (p < 0.001); the slopes were not significantly
different.

The intercepts of the wound albumin curves of sham rats (SU + SKY) were
significantly lower (p < 0.0001) and the slopes were significantly higher
(p < 0.001) than those of burned rats (BU + BHY).

DISCUSSION

The results reported here cannot be directly compared with those of
other investigators of edema in burn injury because of differences in ex-
perimental models end procedures. In most studies of burn edema it has
been customary to report the water content of tissues as percentages, or
as the quantity per gra fat-free dry weight, in an attempt to coeu4e
for the changes in wet weight of the burned tissues. When such values
are used as the basis for comparison of burned with normal tissues, error
is introduced because the dry weight and fat eontent, as wel as rtm 'it*r
content, vary with tim after injury. Because of the marked swelling of
the burned tissue it is difficult to obtain comparable samples from burned
and sham wounds using biopsy technics. It was for these reasons that we
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chose to use the area of tissue delineated by the margins of the opening in

the burning mold (at the time of injury) as the unit for comparison of
changes In albumin and water content.

Edema development in the rat burn wound (BU) reaches 702 of maximum
after 6 hours and is maximal at 24 hours postburn, a course similar to
that in the human burn wound. However, the small transient increase in
water content of unburned tissues of these rats was far less than that re-
ported to occur In humans (7), a difference probably related to the' fact
that the burned rats did not receive intravenous fluid resuscitation.

Although we did not make albumin measurements as frequently during
this early postburn period, it appears that albumin accumulation followed
a course similar to that of water accumulation in the burn wound, since both
reached maxima at about the same time after injury.

The phasic nature of water accumulation in rat burn wound (BU)
paralleled changes in local blood flow which occur following burn injury
(8). The water content of the burn wound (BU) increased rapidly during
the period of increased blood flow, slowly during the period of relative
stasis resulting from hemoconcentration, and again increased sharply as
blood flow was re-established in the area which was not irreversibly damaged
when the rats had become fully awake and begun to drink thirstily.

Because the plasma and burn wound albumin pool sizes of burned
rats (BU) were approximately equal 1 hour postburn and the relative
increases in albumin and water content were in the same proportions in
which they are normally present in plasma, it appeared that for a time
imediately after injury there was little or no restriction of trans-
capillary movement of water and albumin from plasma into the burn wound.
Although we did not measure other proteins in the wound, it has been shown
that essentially all sizes of plasma proteins move rapidly into the burn
wound during this early postburn period (9,10).

The burn wound at I hour postburn contained the equivalent of approxi-
ately 1-1.5 ml plasma more than the plasma volume deficit observed at that

tine, Indicating that some fluid had been translocated from other tissues
before oral intake of water was begun. Although the extracallular water
content of skin is greater than that of other tissues, there was no evi-
dence that this was the source of the extra fluid. Tissues of liver and

7. Baxter CR: Fluid volume and electrolyte changes in the early
postburn period. Clin Pleat Surg 1:693-703, 1974.

8. Sevitt S: Acute inflammatory changes in burned skin. In hums
Pathology and Therapeutic Applications, Butterwotth G CO., London, 1957V
pp 28-51.

9. Roberts JC, Courtice PC: Imunoelectropboretic analysis of pro-
teins in lymph from the leg before and after theaual injury. Australlo
J Up Biol Mod Sci 47:435-46, 1969.

10. Arturson G: Microvascular permeability to'macmome u In
thermal injury. Act& Phystol Scand Suppi h63:111-122, 19".
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the gastrointestial tract have been shown to respond most rapidly (11)
to changes In plasin voeui, so it is likely that the fluid was translocated
into plasma from those tissues.

Labeled Studiea

Conventional metbods 4f ealyce of labeled albumin disappearance data
are based on the asauptio.. Jot approxiuately 3 days after injection of
the labeled albumin, the specific activities (SA) of albumin in the intra-
vascular and extravascular albumin pools are equal. The size of the
intravascular albuin pool is measured directly, and the size of the
extravascular albumin pool is determined by relating the extravascular

radioactivity to the plasma albumin SA. In addition, in studies of
albumin metabolism in burned humane, catabolic rates have been determined
by relating the plasma albumin SA at the mid-point of a measurement period
to changes in extravscular radioactivity determined by whole body count-
ing (12) or to urine/plasma ratios of radioactivity (13). Synthesis rates
were estimated from the difference in the values for the catabolic rate
and turnover rate determined from the slopes of the plasma albumin SA dis-
appearance curves.

In normal humans or animals these methods yield fairly accurate esti-
mates of pool sizes and turnover rates because muscle and skin, which
constitute the major fraction of the body mass and contain the bulk of the
extravascular albumin, have similar albumin exchange rates (14). Liver
and tissue of the gastrointestinal tract have much more rapid exchange
rates but contain only a small fraction of the extravascular albumin. As
a consequence, the SA of albumin returning to plasma through the lymphatics
is not greatly different from the average SA of albumin in the larger frac-
tion of the extravascular albumin pool.

The situation proved to be quite different in the burned rats (BU).
In burned rats injected with labeled albumin just before burn, wound and
plasma SA and pool sizes were approximately equal at 1 hour postburn -- a
time when very little labeled albumin was present in other nonvisceral
tissues. In this case, the SA of albumin returning to plasma thorugh the
lymphatics was not representative of the average extravascular albumin SA
but was instead a mixture of high SA albumin returning from burn wound
and low SA albumin returning from other tissues. As a consequence, the

11. Walcott WV: Blood volume in experimental hemorrhagic shock. An
J Physiol 143:247-253, 1945.

12. Birk* G, Liljedahl S-0, Plantin L-O, Reizenstein P: Studies on
burns. IX. The distribution and losses through the wound of 131-I-albumin
measured by whole body counting. Acts Chir Scand 134:27-36, 1968.

13. Davies JUL, Ricketts CR, Bull JP. Studies of plasma protein
metabolism. Part I. Albumin in burned and injured patients. Clin Sci 23:
411-423, 1962.

14. Studer RK, Morgan J, Pankoske M. Potchen 23: Regional vascular
volume and extravascular accumulation of labeled protein during plasma
volume expansion. Am J Physiol 224:699-704, 1973.
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slopes of the labeled albumin disappearance curves of burned rats (BJ)
were not as smooth as those of sham rats (SU) whether plotted as albumin
SA or as percent of dose remaining.

Because of the marked change of the proportions of albumin present
in the intravascular and extravascular compartments of burned rats which
occurs immediately after burn injury, and because the albumin pool sizes
and hourly exchange rates continue to change with time, the outcome of a
particular labeled albumin study would be greatly dependent upon the timu
of the injection of the labeled albumin. We found that in burned rats
(BU) injected 24 hours postburn, when they appeared to have returned to

a relative steady state (based upon stable albumin pool sizes and hourly
transfer rates from 24-72 hours postburn), albumin SA in the burn'wound
was twice that of plasma albumin SA 5 days after the injection. Deter-

mining the wound albumin pool size from the total radioactivity and the
plasma albumin SA, as has typically been done in human studies, would have
yielded values twice those we obtained by direct measurements. Because we
believe that the altered albumin exchange rates in the burned rats are a

consequence of changes in the physical characteristics of the tissue of
the burn wound, we do not believe that these findings are limited to
burned rats, but are probably relevant to labeled albumin exchange studies
in burned humans as well. It appears unlikely that one can accurately pre-
dict that extravascular albumin SA and intravascular albumin SA will be
equal at any particular time in the presence of burn injury.

The steeper slope of the segment of the labeled albumin disappearance
curves for the early postburn period of the hyaluronidase-treated burned'
rats (BHY) can be explained by the fact that the rate of albumin flow

through the treated wound was much greater than that through the wound of
untreated burned rats (Bu) with the result that the wound albumin pool of
rats in Group BHY never attained the size of the wound albumin pool in rats
in Group BU. However, a comparable improvement in the plasma albumin pool
size of rats in Group BHY was not observed. In fact, the plasa albumin
pool of rats in Group BU returned to normal size more rapidly than that of
Group BIY.

Although it is generally agreed that increased capillary permeability
is the precipitating factor in edema formation following burn Injury,
recent studies show that interstitial tissue plays an important role In

the control of fluid shifts between plasma and tissues (15). The coec-
tive tissue of the interstitium has been characterized as a two-phase
system in which the mucopolysaccharides form a tight gel into which water
can penetrate (16). This two-phase system is in osmotic equilibrium and

15. Guyton AC, Taylor AE, Granger WJ: Dynamics of eda mand the
safety factor against edema. In Circulatory Physiology. I. fDyamics
and Control of the Body Fluids, A.D. Guyton at al, Ida., W.B. Saunders,
Philadelphia, 1975, p 150.

16. Gersh 1, Catchpole Hi: The nature of ground sstamce of the
connective tissue. Perspect Biol ied 3:282-319, 196 0.
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the partition of fluid between the two phases is dependent upon the rela-
tive concentrations of mucopolysaceharides and proteins in the tissue.

Ouyton et al (17) have shown that interstitial pressure increases in
proportion to the increase n fluid volume until the increase in pressure
exceeds 8-10 me VS. Compliance then rises steeply and further Increase in
volume elicits very little increase in interstitial pressure, with the re-
sult that fluid moves freely nto the interstitium. After this point, the
upper limit of fluid volume increase is determined by the tensile eleents
of the tissue, primarily the skin. However, skin exhibits very little
elastic recoil until it has been stretched to 1.5 to 2 times its normal
length (15), so that large shifts of fluid from plasma can be expected to
occur before such tension becomes a limiting factor. This state appears
to be reached very rapidly following burn injury.

When the concentration of long chain hyaluronic acid molecules in
the interstitium is reduced either by dilution (edema) or by depolymeriza-
tion (action of hyaluronidase), the resistance to movement of water and

proteins into and through the tissue is decreased. The fluid vesicles

may coalesce to form pools of fluid through which molecules may diffuse
freely. The prolonged elevation in the albumin and water content of the
burn wound (BU) probably results from such changes in the physical char-
acteristics of the interstitial tissue. The smaller increase in albumin
and water content of the hyaluronidase-treated burn wound (BHY) reflects
accelerated transport through an interstitial tissue in which the con-
centration of long chain hyaluronic acid molecules is further reduced by

depolymerIzation. Although the albumin content of the hyaluronidase-
treated burn wound (BIY) was lower than that of untreated burn wound (BU),
a comparable improvement in the plasma albumin pool size of MHY was not
observed. In fact, the plasma albumin pool of rats in BU was restored to
normal more rapidly than that of DRY.

In su mmary, by determining the changes in water content and labeled
and unlabeled albuin in wounds of rats injected with labeled albumin just

before burn or sham burn, we have been able to show that the plasma and
wound albumin pools of burned rate (BU) reach equilibrium within 1 hour
after injury. Because the relative proportions of albumin in the plasma

and wound albumin pools of EU remain essentially constant from 1-144 hours

postburn, it appears that the two pools also reach dynamic equilibrium
rapidly.

Although the SA of plasma and wound albumin in burned animals were
equal 1 hour postburn, this equality soon disappeared. The plasm albumin
SA curve of BU was similar to the plasma and wound albumin SA curves of 33

after 48 hours (as it is assumed to be in the customary odels used for
determining albumin turnover). However, even though the hourly exchange

17. Guyton AC, Taylor AS, Granger iJ: Pressure-volume curves of

the interstitial fluid spaces. In Circulatory Physiology. 1I. Dynmics

and Control of the Body Fluids, A.C. Guyton at al, Us., W.3. Samdes,
Philadelphia, 1975, pp 71-86.
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rates of albumin In the wounds of the burned rats were greater than those
of the controls, their wound albumin SA curves declined more slowly. Be-
cause of the presumed changes in the physical properties of the connective
tissue of the interstitium, in the size of the wound albumin pool, ad tn
the exchange rates of labeled albumin, the burn wound, in effect, becomes
an additional extravascular compartment exhibiting dynamics wich cmet be
satisfactorily described by the slopes of the plasma albumin disappearance
curves or by the whole body counting methods which have been used in the
past.

Hyaluronidase treatment of the burn wound resulted in an acceleration
of the rate of albumin exchange between plasma and wound during the early
postburn period but the wound albumin Sh curve from 48-144 hours in such
animals was similar to that of untreated burned rats, and plasma albumin
pool size was more slowly restored.
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ABSTRACT
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The open and closed respiration chamber, described in the previous
annual report (1) has been constructed and is currently being automated
and calibrated. This report will review the basic design features and
describe the operation of the chamber as well as discuss the initial
calibration data.

Metabolic response
Thermoregulatory response
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THE STUDY OF METABOLISM AND NUTRITIONAL EFFECTS OF BURNINJURY IN SOLDIERS -- A NEW APPROACH TO THE STUDY OF
THE HYPERMETABOLIC RESPONSE TO THERMAL INJURY

Chamber Design and Operation. The chamber is a 8x4x4-foot
box made of 3/16-inch steel and covered with a one-inch layer of
thermal insulation (Figure 1). Two spirometers are attached - a
10-liter, low resistance spirometer (Model 840, Ohio Medical
Products, Madison, Wisconsin) and a 120-liter spirometer (W.E.
Collins, Inc, Braintree, Massachussetts). A small fan continuously
moves air from the chamber through the large spirometer. The
chamber has a large door of 1/2-inch plexiglas and a small observation
window of the same material. Both are covered with an opaque screen to
reduce heat exchange and permit undetected observation of the
experimental animal.

The animal space is large enough to accommodate individuals or
animals up to 150 kilograms. The floor is made of a heavy, expanded
metal screen which is elevated 1 inch above the chamber floor. The
animal is free to move about in this area but does not have access to
the air treatment corridor, an 8xlx4-foot channel running the length
of the back wall. Chamber air is continuously circulated by four fans in
the air treatment corridor. The air travels at a velocity of 200 feet per minute
and moves freely to and from the animal space (as indicated by the large
arrows) through screens at either end of the air treatment corridor.
Fluorescent lights behind these screens illuminate the animal space.
When the chamber is closed, air moves from the fans through shutters

* and past a set of cold coils where water vapor is removed. A
compressor behind the chfmber keeps the ethylene glycol entering
the cold coils between 0-5 C. Cool, dry air then passes through
hot coils where it is returned to the desired temperature. Chamber
temperature is controlled by varying the temperature of water in
the hot coils. Water temperature is regulated by a proportional
controller (Model 72, Yellow Springs Instruments, Yellow Springs, Ohio)
which senses air temperature in the animal space and varies the output

1. Aulick LH, Arnhold H, Hander EW, Rodkey WG, Mason AD, Jr.:
A new approach to the study of the hypermetabolic response to thermal
injury. USAISR Annual Progress Report
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of a 1000 watt immersion heater in the water rese,-voirb Using this system,
aver aoe air temperature can be maintained as low as 2 C to as high
as 40 C. When the ports on the roof are opened, shutters close
and chamber air leaves by the exhaust port to be replaced by room
air entering through the intake port. Under normal operating
conditions, it usually takes about 3-5 minutes before chamber 02
and CO 2 concentrations equal those in the laboratory.

Port covers are shallow cylinders, 10" in diameter and made of
3/16" steel. They are raised and lowered by a small electric motor.
In the closed position, the rim of each port rests on the roof of the
chamber in a circular trough. This trough contains light-weight
mineral oil to prevent gas exchange across the closed port.

When the chamber is closed, it is hermetically sealed. This was
demonstrated both by its capacity to maintain non-room air gas concentrations
and a limited vacuum (5-10 mm H 0) for extended periods of time.
Chamber temperature is monitoreJ by five, two-terminal, monolithic,
integrated circuit, temperature transducers (Model AD590, Analog
Devices, Norwood, Massachussetts). Two of these are located at either
end of the air treatment corridor, while the fifth measures wall
temperature of the animal space. Once ajr ang wall temperatures
equilibrate, they do not vary more than - 0.2 C over a 24-hour period
of operation. Chamber air temperature is considered the average of
these five temperatures.

While chamber temperature is held constant, pressure varies with
barometric. This is accomplished by movements of the low resistance
spiroMeter. The pressure gradient across the chamber wall remains
less than 0.5 mm H 0 When changes in chamber gas volumes exceed
the limits of this snall spirometer, they are accommodated by
compensatory adjustments in the position of the large motorized spirometer.

Measurement of Respiratory Gas Exchange. Respiratory gas exchange
is determined by measuring the rate of change in oxygen and carbon
dioxide volumes while the animal is confined in the closed chamber. Gas
concentrations are measured separately in the chamber and large
spirometer by a mass spectrometer (MGA Model 1100, Perkin-Elmer,
Pomona, California). Oxygen (VO ) and carbon dioxide (VCO ) volumes
are then determined by multiplyin" the gas fraction (FO or FcO )
timps total volume (TV), where TV is the sum of the chainber (C4),
small spirometer (SSV) and large spirometer (LSV) volumes minus animal
volume (AV). All gas volumes are corrected to standard conditions.
Air temperature in the chamber and small spirometer (CT) is
considered the mean of the five temperature transducers whose locations
were described earlier. Temperature of the large spirometer (ST)
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is monitored separately. Pressure in the entire system (PBar) is
measured by an electronic barometer (B242 Analog output barometer,
Weather Measure Corp., Sacramento, California). Water vapor
pressure is recorded in both the chamber (CPH2 0) and large
spirometer (SPH 0) by the mass spectrometer. The initial VO2
would be calculated:

V Cstpd CFO 2 ,[(CV + SSV-AV) ,( PBar - CPH2 0 273 f +

760 273 + CT
SF02 * jLSV * (PBar - SPH2  * 273

L760 273 + ST /
where CFO and SFO are chamber and large spirometer 0 fractions
respectivelY/. These 2neasurements and calculations are reheated when
chamber CO concentration reaches approximately 0.9 percent and the
animal's oxV~en consumption and carbon dioxide production considered
the rate of change of these respiratory gas volumes over the period
of confinement.

SSV and LSV can be very accurately determined from changes in
the position of each spirometer. AV can be estimated from animal
density and body weight. CV, however, must be very carefully
determined, because it represents the largest single volume. For
this reason, CV was estimated by three independent methods.
The first was by physical measurement. Using this approach, the
best estimate of CV was 3630 liters. The second technique was to introduce
known quantities of pure argon gas into the chamber and calculate TV
from the charge in argon concentration. Eleven such dilution studies gave
a TV of 3718 1-4 liters (mean - SE). Subtracting LSV and SSV from the
calculated TV yielded a CV of 3653 liters, only 0.6 percent above that
estimated from physical measurements. The third approach was to
burn methyl alcohol at known rates in the chamber and calculate the
volume of gas necessary (TV) to give the measured rates of 0
disappearance and CO accumulation (assuming full combustion and
using predicted rates 9f 0 consumption and CO production). Once
again4 after deducting forlSV and SSV, the callulated CV was
3647 - 20 liters (n = 39) when 0 was the tracer gas and 3629 - 18 liters
when CO was used. Since the ?our separate estimates of CV were In
close agr;ement, an average value of 3640 liters was chosen. The
greatest possible error in this estimate is 13 liters, or only 0.4 percent
of the average CV.
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Chamber Calibration. The acuayof respiratory gas exchange
measurements by this new system was tested by comparing observed
rates of oxygen consumption V)ancrbndoieproduction (VCO

02 2
with those predicted from known rates of methanol combustion. A total of
46 such studies were performed at three chamber temperatures (Table 1).
In seven studies, no methanol was burned. Combustion rate was varied
to provide a range of oxygen uptake from 4.250 to 23.376 liters/h. Each
run began as soon as the chamber was closed and continued until CO2
concentration reached 0. 9 percent. Run duration ranged from I I to2

10 hours. (The zero runs lasted two hours.)

The error in the measured V0 was significantly greater in the 400Cj
* environment than in the other two Invironments but only represented an

average overestimation of less than two percent of the predicted value
*(Table 1). A multiple regression, however, indicated that predicted V was

the only significant determinant of measured V when the data from al I ree0
environments were included (Figure 2). In thiscase, over 99 percent
of all the variation in measured V 0 could be explained by the variations
in rate of methanol combustion.2

There was no significant difference in the mean CO~ error among the
three environmental groups, but the trend was to prgvAssively
overestimate VC0 as chamber temperature was reduced (Table 1).
A multiple regres ion revealed that a very small component of the
variation in measured V~ could be explained by these differences in

02environmental temperature But, sincetetmprueefctol
increased the index of determination (r ) from 0. 9995 to 0. 9996, it was
considered functionally insignificant (Figure 3)

The measured RQ ranged from 0. 64 to 0. 72 and on the average was
lower in the heat than in the other two environments (Table 1). This
was a result of the previously described overestimation in measured V
at this temperature. Since the predicted RQ for methanol is 0.667, 0 2
the measured mean of 0. 658 in the heat represents a 1. 3 percent error.
When all the studies are included, the measured RQ was not significantly
affected by the rate of alcohol combustion (as Indicated by measured V0
and averaged 0. 671, or within 0. 6 percent of the predicted volume 02
(Figure 4). Twenty-six of the 39 measures were within :k 0.01 of the
predicted value.

The results of these calibration studies indicate this new open and
closed respiration chamber measures respiratory gas exchange with
great accuracy. These tests, however, were performed manually prior
to implementing computer automation of chamber operation and data

* acquisition. This automation procedure Is currently underway, and the
process of calibration will be repeated. before animal studies begin.
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TABLE 1

METHANOL COMBUSTION (MEAN t SE)

NUMBER OF STUDIES 15 16 15

CHAMBER TEMP. 40.2 t 0.2 25.4 t 0.1 10.6 t 0.1
(°C)

OXYGEN CONSUMPTION

(LITERS/HOUR)

1. PREDICTED 11.857 t 2.026 10.778 f 1. 758 11.274 t 1.871

2. MEASURED 12.086 t 2.100 10.809 t 1.788 11.303 t 1.859

3. ERROR* 0.228 t 0.121 0.031 t 0.085 0.028 t 0.069

CARBON DIOXIDE PRODUCTION

(LITERS/HOUfR)

1. PREDICTED 7.928± 1.355 7.206 ± 1.175 7.538 t1.251

2. MEASURED 7. 950 t 1. 396 7.268 ± 1.200 7.694 t 1. 288

3. ERROR* 0. 023 ± 0. 053 0. 063 t 0.030 0.156 ± 0.042

RESPIRATORY QUOTIENT 0.658t 0.005 0. 678 t 0.004 0. 678 ± 0. 005

*MEASURED-PREDICTED
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A continuous computer graphics program was developed to aid
evaluation of the nutritional state of critically ill burn patients quickly
and efficiently without having to read through and calculate long lists
of chart entries.

Initial assessment of metabolic expenditure and nutritional
requirements of severely burned patients is made using algorithms
stored in a computer program. The computer algorithms for predicting
metabolic requirements correlate closely with physiologic data obtained
by direct measurement (R=0. 84 for metabolic resting energy expenditure).
Each patient's diet (parenteral and/or enteral) is tailored to meet these
requirements. The enteral diet is prepared individually in the Institute's
metabolic kitchen. The parenteral diet is prepared by the hospital pharmacy
following the physician's prescription, which is based on the nutritional
support team's recommendations. The nitrogren and calorie intake are
recorded daily and the ratio is maintained between 1:120 to 1: 180. A
weight loss exceeding ten percent of the preinjury weight dictates
reevaluation of the patient's metabolic expenditure by indirect calorimetry
and reformulation of his/her nutrition support plan. The computer
generates daily profiles of predicted calorie and protein requirement.
actual intake with percentages of requirement, nitrogen/calorie ratio.
weight changes, and nitrogen balance (nitrogen loss is calculated from
twenty-four hour urine urea excretion with adjustments for stool and wound
losses). A continuous computerized graphics display summarizes all the
nutritional data for each patient by plotting weight, calorie and protein
balances.

Critically ill
Metabolic expenditure
Continuous computer graphics
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COMPUTER GENERATED GRAPHIC EVALUATION
OF NUTRITIONAL STATUS IN CRITICALLY INJURED PATIENTS

NUTRITION AND THE CRITICALLY ILL

The metabolic response to trauma is Initiated In large part by the
central nervous system and is manifested by the release of antidluiretic
hormone (ADH), adrenocorticotropic hormone (ACTH), catecholamines
and glucagon (1-4). These hormonal changes appear to be essential
for the maintenance of homeostasis and survival (5). Following trauma,
protein and fat catabolism Increase (2) to supply energy requirements,
water and sodium are retained (3), and potassium excretion is increased
(5). The intensity of the response is in proportion to ths d~gree of the
injury (3,4.6) but will vary with age, sex and previous nutriUonal
status (7)..

The effects of this hormonal response may continue for several weeks.
In such cases, prolonged muscle proteolysis and lipolysis may result in
muscle weakness, respiratory failure, sepsis, and eventually death if the
sequelae of posttrauMatic hypercatabolism are not reversed or eliminated.
The provision of adequate nutrition is of vital importance in avoiding the
depletion of body tissue and in initiating the anabolic repair phase (S).
Without exogenous nutrition, the body's limited stores of carbohydrate may
be depleted in eight to ten hours (5) after trauma.

1. Blackburn GL, Bistrian BR: Nutritional care of the Injured and/or
septic patient. Surg Clin North Am 56(5): 1195-1224, 1976.

2. Elwyn DH, Kinney JM. Jeevanandam M. Gump FE, Broell JR:
Influence of increasing carbohydrate intake on glucose kinetics in Injured
patients. Ann Surg 190(1): 117-127, 1979.

3. Wilmore DW: Hormonal responses and their effects on metabolism.
Surg ClIn North Am 56(5): 999-1011, 1976.

4. Kauste, A.: Parenteral and enteral nutrition of the thermally injured
patient. Ann Chir Gynaecol 69: 197-201, 1980.

5. The Doyle Pharmaceutical Company: Nutrition in Trauma and Stress -
Reference Manual. A Division of the Delmark Company, Inc., 1980.

6. Woolfson, AMJ, Heatley R, Allison SP: Insulin to Inhibit protein
catabolism after Injury. N Engl J Med 300(1): 14-17, 1979.

7. Randall HT: Nutrition in surgical patients. Am J Surg 119: 530-533,
1970.
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At this time, energy demands must be met by amino acids and fatty
acids supplied by the breakdown of body proteins and fats (7). Twenty-
five to thirty percent weight loss has been associated with high risk of
mortality (6,8) in critically Ill patients. Nitrogen loss may go as high
as 15 to 25 gm per day in patients with such severe Injuries as burns
or multiple fractures with sepsis. In the early stages, the effects of
stress can be minimized but not corrected by adequate nutritional
support (1.7,9). However, preservation of body cell mass and survival
cannot be attained unless nutritional support Is adequately provided (5).

EVALUATION OF NUTRITIONAL STATUS USING COMPUTER PROGRAM

The Institute of Surgical Research (ISR) nutritional support system
consists of a series of computer programs and data files which allow the
computation of nutritional requirements for critically injured patients and
an evaluation of the adequacy of nutritional therapy in meeting these
requirements.

The system runs on a Digital Equipment Corporation model PDP-11/70
computer system with 512K bytes of main memory, using the RSX- 1 M+
operating system. All programs run in an Interactive manner on VT-100
video terminals, using video forms for both input and display of information.

When desired, summary graphs of stored information can be produced
showing weight balance, caloric balance, and protein balance. Printed
daily, summaries are produced for inclusion in patient records and provide
a complete listing of nutrients received, the route of administration, and the
percentage of the predicted requirements for each individual patient.

INITIAL DIETARY ASSESSMENT OF NUTRITIONAL REQUIREMENTS

Calories: Caloric needs can be determined by direct or indirect
calorimetry with a high degree of accuracy. However, these techniques
are expensive, time consuming and usually notavailable. Therefore,
numerous formulas for estimating the required caloric Intake for critically
ill patients have been developed. (For specific formulas, refer to references

8. Blackburn GL, Flatt JP, Clowes OHA Jr, O'Donnell TF. Hensle TE:
Protein sparing therapy during periods of starvation with sepsis or trauma.
Ann Surg 177(5): 588-593, 1973.

9. "Cuthbertson DP: Further observations on the disturbance of
metabolism caused by Injury. Br J Surg 23(91): 505-520, 1936.
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10-14). Formulas for predicting nutritional requirements (Fig. 1) in
thermally injured patients at the Institute were derived from measurements
of metabolic expenditure by indirect calorimetry.

Protein: The nitrogen-calorie ratio in normal adults during nitrogen
equilibrium is approximately one gram of nitrogen for every 350 calories.
Due to the decrease in protein economy that occurs with most critical
illness, a one to 150 nitrogen-calorie ratio appears to effect nitrogen balance
in critically ill patients (1.14,15) although the ratio may range between 1: 100
to 1: 200.

Vitamins: Major injury or stress increases the requirements for vitamin
C, niacin, thiamine and riboflavin. Vitamin requirements usually are met
by a balanced diet, but oral supplements may be administered when
necessary (14).

Minerals: Provision of minerals is essential to the nutritional and
physiologic support of the critically ill patients. Minerals usually are
adequately provided in most oral diets or prepared feeding formulas. The
adequacy of intake of the major mineral substances may be determined by
frequent monitoring of serum levels or assay of the biological fluids or
tissues and supplemented as needed (14).

ROUrlNE DIETARY ASSESSMENT OF INTAKE

The priorities of the care of injured patients mandate that factors such as
fluid resuscitation, fluid and electrolyte balance, and optimal cardiovascular
function are more important than achieving a nutritional balance during the
early postinjury period (14,16, 17). Nutritional replacement should start as

10. Curreri PW, Richmond D, Marvin J, Baxter CR: Dietary requirements
of patients with major burns. J Am Diet Assoc 65: 415-417, 1974.

11. Sutherland AB: The nutritional care of the burned patient. Br J
Plast Surg 8: 68-74, 1955.

12. Troell L, Wrestlind A: Protein and calorie requirements in burns.
Acta Chir Scand 122: 15-20, 1961.

13. Artz CP, Soroff HS. Pearson E, Hummel RP: Some recent developments
in oral feedings for optimal hutrition in burns. Am J Clin Nutr 4: 642-646,
1956.

14. Wilmore DW: The Metabolic Management of the Critically II. 2nd ed.
New York: Plenum Medical Book Co., 1980.

15. Larkin JM, Moylan JA: Complete enteral support of thermally
injured patients. Amer J Surg 131: 722-724, 1976.

16. Artz CP. MoncriefJA, Pruitt BA: Burns: A Team Approach.
Philadelphia: WB Saunders Company. 1979.

17. Curreri PW: Nutritional replacement modalities. J Trauma 19:
906-908, 1979.
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soon as this initial phase of treatment is completed. Three routes of
administration may be employed: gastrointestinal tract, peripheral wain,
or central vein. When treating burn patients, special emphasis should
be given to patients with greater than 20 percent total body surface burn,
to patients who have preinjury nutritional deficiencies (including prior
illness, morbid obesity, alcohol or drug abuse, and child neglect), to
burned patients with associated injuries. to any patient with a more than
ten percent preburn weight loss, and to patients with severe endocrino-
logic, pulmonary, or septic complications (17). At the Institute, routine
dietary assessment of intake is done for any patient who fits into one or
more of the above categories. This assessment is done using a comput-
erized program (Fig. 2) which provides the user with the following
information: total intake of calories, protein, fat, carbohydrate, most
minerals and most vitamins; route of administration; percentage of
predicte&. requirement consumed (Fig. 1); nitrogen to calorie ratio,
nitrogen balance; and perzentage of weight change.

GRAPHIC REPRESENTATIONS

Summary graphs of previously stored information (Fig. 1) can be
produced showing weight balance, caloric balance and protein balance
(Figs. 3A'. The 'ndividual patient's requirements as well as his preburn
weight are displayed on the graphic display, enabling the staff, patient,
and family members to readily observe the patient's current nutritional
status in relation to his estimated requirements. The shaded area on the
weight balance graph indicates a weight loss range of ten percent or more
from the preburn weight. The graphs are printed in easy to understand
language.

Once the graphs are made, they are displayed at the bedside of each of
the patients, showing him and his family his progress or lack of it. With
the aid of the dietitian, the patient can learn how to progress more quickly
and how to turn a negative balance into a positive one.

For the nursing staff, which often does not have time to go through
long lists of chart entries to determine each patient's nutritional balance,
the graphs are a useful tool. Patients are more easily persuaded to
increase their dietary intake. Also, the nursing staff becomes more aware
of empty calorie supplements such as juices and instead can offer milk shakes
and other supplements between meals.-

For other members of the health team, the graphs serve as a constant
reminder of the importance of nutritional support in the recovery of the
critically ill patients. This technique also indicates when the route of
administration needs to be reassessed, and/or supplemented in order to
meet the requirements.
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CONCLUSION . ..

The pictorial display of the patients' daily nutritional status not only
alerts the medical care team to potential LefIcjies~~ facilitate
utilization of caloric and protein sup ~.to oett~toa ot
Further.* the family members and pati rii i are encouraged by this
Information to gear their eflbrts toward tese goals. The display of the
graphs at the bedside serves. as, a contat r'wider- of Pthe Importance
of nutritional support In the ecovery of thoq uitfty ii patient.
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One characteristic of the hypermetabolic period following severe
thermal injury in humans is an elevated mobilization of body lipids.
The isolated adipocyte has been chosen as a controlled environment
for determining the function of adipose tissue in normal and injured
systems. Preliminary experiments have been completed to confirm
the effectiveness of this method in observing lipolytic rates in our
laboratory. Initial values for rates of triglyceride breakdown and
resp siveness to hormonal stimulation are comparable to values
obtained from an animal model.

Hypermetabol ic
Adipocyte
Lipolysis
Triglyceride
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THE STUDY OF METABOLISM AND, NUTRITIONAL EFFECTS
OF BURN INJURY IN SOLDIElIS 4-F1AWLISM OF ADIPOCYTES

ISOLATED FROM THERMALLY INJURED> PATIENTS

flow and accelerated !ticrdWf~~
hypermetabolk tat bevc r thbn~at #Aj"aW' *fts (1). During
this period, there is an th&6eted use0,1A off Mty 0 d from adipoe
tissue, as suggested by Increased catecholamines (Ilpolytic agonst)
(2, 3), elevated glycerol turnover ('0, fat loss (SO" 6), 11fbt* 6MA,
deficiencies (7) and elevated plasma fatty acis (8). Althai~h $iev'i
is a large increase in lipid mobilization, Its role In the overall metabolic
scheme is not well defined. iO*ovlslon of dietary fat Is not usieful In
decreasing the loss of body nitrogen (9, 10), and the net oxidation of
fat cann-ot be offsat by excess glucose (11, 12).

1.r Wilmore DW, and Aulick LH: Metabolk changes In burn patients.
SugClin of North A'm 58: 1173-1187, 1978.

2. Wilmore, DW, Long JM, Maron AD, Jr., Skreen RW, imdPrutt
BA, Jr.: Catecholamines: Mediator ot the hypermetabolic response to

* thermal injury. Ann Surg 180:653-669, 1974.
3. Aikawa N, Caulfivld JB, Thomas RJS, and Burke JF: Pdstb~arn

hypermetabolism: Relation to evaporative heat toss andr catecholamifle
leve. Surg Forum 26:74-76, 1975.

4. Carpentler YA, Askanazi J, Elwyn DH, JeevenandbWveM, GUmIp
* FE, Hyman Al, Burr R, and Kinney JM: Effects' of hypeftbirilc glue*"
* Infusion on lipid metabolism In injury and sepsis. J Trauma WtS9454e
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The isolated adiprcyle demonstrates lipolytic hormonal respontse
similar to intact tissue (12) aid provides a controlled environment for
determni te & ,:in adipee tiss In, normal and inju'ed
system. o of On no mntrei tertud o f tpOlyels W'
catecholtamied 6W dWs.Idvahih rMorie Ihthe .
burned patilent. It was undertken to determine the effect of hormonal
stimulation en Isolated adipecylme from humans. The experiments to
date have been prellminary and designed to expose differences in
animal and human tissue which occur in the technical 'pe*edures
of tissue collection, cell Isolation, Incubation and fixing.

PATIENTS AND METHODS

The patient protocol has recently been initiated. The one patient
study was a male with an 80% total body surface burn. Tissue which
has obtained from this patient was placed in warm Krebs7Ringer
phosphate buffer (KRP) and transported immediately to the laboratory.
The tissue was minced and placed In buffer containing 4% by weight
albumin fraction V (Sigma, Lot 80F07071) and 3 ng/ml collagenae -
(Worthington, Lot 40K043). After digesting at 37"C for one hour, the
cells were separated from the tissue matrix by filtering through a
105 pa nylon mesh. These cells were washed three-times with KRP,
and suspended in KRP-albumin. Duplicate 5 ml aliqUots of thi I
suspdnsion were tncubated in the presen, e and absence of 10- M
epinephrine at 37 C for one hour. At the end of the incubation period,
4 ml of the suspension was pipetted into 0,4 ml cold trichloroacetic
acid (TCA; S0% w/v). A separate pair of samples was added to TCA
Immediately upon dispensing to provide pre-incubation galues. The
TCA samples were filtered and the filtrates stored at -20 C until they
could be analyzed for glycerol content. Glycerol production was
determined as the difference in glycerol content between the one-hour
Incubations and those at time zero. This value was expressed as
nmoles/ml-hr and served as an index 9f triglyceride breakdown.
Final values were standardized per 10" cells by counting aliquots
of cells from the original suspension which had been fixed in 2%
osmium tetroxide (Degussa Corp.). The fixed ceils were also
measured microscopically for diameter, using an eyepiece reticle.
Finally, an aliquot of the original suspension was dispensed into
20 volumes of 2:1 chloroform/methanol for extraction of triglycerides.
TrIglyceride content was determined by enzymatic assay (Sigma Kit
405).

Preparation of the adipocytes for all phases of the experiment
was not found to be essentially different from tissue taken from rats.
The main difference is In the amount of collagenous material in the
human tissue. Mincing was much more difficult, and the residue
after filtering through the nylon mesh was significantly greater then
with rat -epidlidymal tissue. This, however, did not affect the cell
Isolation in any discernible manner.

lI



RESULTS

* Values which were determined for the human tissue are listed
below with representative values from experiments done In our
laboratory on small animals (rats, 450-500 grams, 60% burn).

PATIENT ANIMAL

Basal Glycerol Production 206.8 138

(nmoles/106 cel Is/h)

Stimulated Rate 971.9 1481

Difference due to Stimulation 765.1 1343

Cell Diameter (U) 81.3 70.

Triglyceride (mg/10 6 cells) 450.3 170

At this time, It is not possible to say more than that the isolation
technique results in cells which are viable In terms of lipolytic
response to hormonal stimulation. The values obtained are reasonable
in light of those obtained from animal studies. Although there appears
to be a large difference in cell size and triglyceride content, more
experiments will have to be done to see if this is a consistent finding.

PUBLICATIONS/PRESENTATIONS

None.
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ABSTRACT
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Severely burned soldiers had suppressed indices of free thyroid
hormone levels (FT I and FT I) and normal levels oftTSH without an
augmented TSH resoonse to RH. FT I and FT I were more markedly'
depressed in those who subsequently %ied, anc'these patients had l0w
TSH levels and a blunted and delayed TSH response to TRH. Treatibent
with T lowered FT I ansi TSH in survivors but not in nonsurvivors.
Nonsuivkivors usually exhibited an elevated reverse T level whether
treated or not. T treatment raised T 3 levels but did tot affect mortality
when compared with placebo therapy.

Burned patients were hypermetabolic despite their low thyroid
hormone levels. Their metabolic rate correlated well with burn size
and elevated basal levels of plasma norepineohrine and sbin*hat
with plasma epinephrine. Severely burned patients developed a syndrome
characterized by elevated sympathetic activity and metabolIc rate and
a depressed pituitary-thyroid axis. This response Is different from
the hypometabolic !ow T syndrome of starvation but may be a frequent
reaction to nonthyroidaIllness.

Secondary hypothyroidism
Tertiary hypothyroidism
Septic
Terminally ill
Burn patients
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ASSESSMENT OF L-TRIIODOTHYRONINE THERAPY IN THERMALLY
INJURED PATIENTS -- THE HYPERMETABOLIC LOW

TRIIODOTHYRONINE SYNDROME IN BURNED SOLDIERS

Many nonthyroidal Illnesses (NTI), such as starvation, Infection, liver
disease (1, 2), kidney disease (3), malignancy (4), -myocardial Infarction (5),
diabetes mellitus (6) and accidental burn injury (7, -) are associated
with a decrease in total and free trilodothyronine (T ) concentration in
plasma. Malnutrition (9), burn inlury (7,8), and cma due to head
trauma (10) are also associated witi d fall in tetralodothyronlne (T ) level.
Reduction In T may signify greater severity of Illness (11): patIeXtswith
a low total T lIvel on admission to a medical intensive care facility had
a subsequent mortality (63%), more than fourfold that of patients with

1. Cavalieri RR, and Rapoport B: Impaired peripheral conversion
of thyroxine to trilodothyronine. Ann Rev Med 28: 57, 1977.

2. Gregerman RI, and Davis PJ: Effects of intrinsic and extrinsic
variables on thyroid hormone economy. In Werner SC, and Ingbar SH
(Eds), The Thyroid. Hagerstown, New Jersey: Harper and Row
Publishers, 1978, p 223.

3. Urm VS, Fang VS, Katz, Al, and Refetoff S: Thyroid dysfunction
in chronic renal failure. J Clin Invest 60: 522, 1977.

4. Maturlo SJ, Rosenbaum RL, Pan C, and Surks MI: Variable
thyrotropin response to thyrotropin-releasing hormone after small
decreases in plasma free thyroid hormone concentrations in patients
with nonthyroidal diseases. J Clin Invest 66:51, 1980.

5. Faber J, Kirkegaard C, Lumholtz lB8 Siersbaek-Nielsen K, and
Friis T: Variations in serum T rT 3, 3'-diiodothyronine and 3',
3'diiodothyronine induced by a&ute nyocardial Infarction and propranolol.
Acta Endocrinologica 94: 341, 1980.

6. Pittman CS, Suda AK, Chambers JB, Jr., McDaniel HC, Ray GY,
and Preston BK: Abnormalities of thyroid hormone turnover in-patients
with diabetes mellitus before and after Insulin therapy. J Clin Endocrinol
Metab 48:854, 1979.

7. Becker RA, Wilmore DW, Goodwin CW, Jr., and Pruitt BA, Jr.:
Free T free T and reverse T in critically III, thermally Injured
patientt. J Traama 20:713, 19800

8. Popp MD, Srivastave LS, Knowled HC, Jr., and MacMillan Bg:
Anterior pituitary function in thermally Injured male children ad young
adults. Surg Gynecol Obstet 145: 517, 1977.

9. Ingenbleek Y, De Nayer P, and De Vlsscher M: Total and free
thyroxine in paortin-calorie malnutrition. Acta Paedlatr Beg 29: 145, 1976.

10. Rudman D, Fleischer AS, Kutner MH, and Rilggio JP:
Suprahypophyseal hypogonadism and hypothyroidism during prolonged
coma after head trauma. J Clin Endocrinol Metab 45: 747,, 1977.

11. Slag MF, Morley JE, Elson MK, Crowson TW, Nuttall FQ, and
Shafter RB: Hypothyroxinemla'in critically ill patients as a ptedictor
of high mortality. JAMA 245:43, 1981.
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normal T Their thyrotropin (TSH) levels were not elevated despite
a reduceJ free T Index (FT I) and a very low total T (11). It seems
likely that NTI (f, 4, 10) ana fasting (12) reduce thyidal secretion
in part by inhibition of TSH secretion.

Experimentally, It has been assumed that the model of fasting or
starvation may be generally representative of NTI (1, 13). Undcereeding
not only reduces the levels of metabolically active thyroid hormohes
but also diminishes noradrenergic sympathetic activity, and-overfeeding
produces the opposite effect on both systems (14 - 19).. Thus. suppression
of both the thyroid axis and the sympathetic nervous system may serve
to reduce metabolic rate at a time when excess oxygen cbnsumption
and catabolic activity could be disadvantageous.

The patients in this stud/ provide an example of a low T syndrome
that differs radically from the starvation model of NTI: though they had
suppression of the thyroid axis, a markedly elevated basal plasma
norepinephrine concentration occurred at the same time and was
correlated with an elevated metabolic rate. Nonsurvivors exhibited
the greatest suppression of the TSH-thyroid axis.

12. Burman KD, Smallridge RC, Osburne R, Dimond RC, Whorton
NE, Kesler P, and Wartofsky L: Nature of suppressed TSH secretion
during undernutrition: Effect of fasting and refeeding on TSH responses
to prolonged TRH infusions. Metabolism 29:46, 1980.

13. Dratman MB, and Crutchfield FL: Interactions of adrenergic
and thyronergic systems in the development of low T syndrome. Irn
Hesch RD (Ed), Serono Symposium No. 40, The Low 3r Syndrome.
London and New York: Academic Press, 1981, p 115.

14. Danforth E, Jr., Horton ES, O'Connell M, Sims EAH, Burger
AG, Ingbar SH, Braverman L, and Vagenakis A: Dietary-induced
alterations in thyroid hormone metabolism during overnutrition.
J Clin Invest 64:1336, 1979.

15. Jung RT, Shetty PS, and James WPT: Nutritional effects on
thyroid and catecholamine metabolism. Clin Sci 58: 183, 1980.

16. Jung RT, Liddell F, Shetty PS, and James WPT: The effect
of levodopa with carbidopa (Sinemett) on the metabolic response to
semistarvation. Int J Obes 4:221, 1980.

17. Jung RT, Shetty PS, and James WPT: The effect of refeeding
after semistarvation on catecholamine and thyroid metabolism. Int J
Obes 4:95, 1980.

18. Landsberg L, and Young JB: Fasting, feeding and regulation
of the sympathetic nervous system. New Engl J Med 296: 129S, 1978.

19. Welle S, Lilavivathana U, and Campbell RG: Increased
plasma norepinephrine concentrations and metabolic rates following
glucose ingestion In man. Metabolism 29:806, 1980.
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PATIENTS AND METHODS

We obtained serum concentrations of thyroid hormones and TSH In
215 samples from ten surviving (SURV) patients during their recoveryfrom thermal injury with a mean total burn size (TBS) of 49% of body
surface area and in 180 samples from 20 nonsurviving (NSURV) burn
patients with a mean TBS of 54% (Fig. 1). Collection of SURV samples
began on postbArn day (PBD) 3 and continued 1 to 3 times per week to
PBD 31-83, while the patients healed.. NSURV samples were obtained
beginning on various PBD and 0-51 -days before death. The mean of
all values in each patient for a given measurement was determined.
The Student t test, based on mean values for each patient was used
to test for significance. Five patients from each group who could be
approximately matched in SURV-NSURV pairs for TBS and serial PBD
of sampling are considered separately (Table 1). In none of the studies
reported in this communication did patients receive Iodine or Iodine-
containing compounds topically or systemically.

Between the tenth and twentieth PBD, five SURV and five NSURV,
in addition to five nonburned healthy controls (CONT) received a
single 250 mg I.V. bolus of TSH-releasing hormone (TRH). No patients
received dopamine or glucocorticoids before or during TRH stimulation.
Serum samples were taken for TSH assay before and at intervals
following TRH injection (Figure 1). The TSH-time curve Integral
(area under the curve) was computed (Table 2). Analysis of variance
and the Student-Newman-Keuls test were used to compare means.

While these data were being collected, 36 men, aged 17-23 yr and
burned in a single accident, were admitted. After informed consent
was obtained, they were entered into a formal study of T versus
placebo administration on a protocol approved bythe insritutionalf
committee monitoring the ethical considerations of clinical studies.
Eight of these patients had small burns over 2 to 7.St of body surface
and were designated as controls (CONT), since this extent of Injury
is not associated with alteration In metabolic rate (20). The remaining
28 had second and third degree total burn size (TBS) of 18to 93% of
body surface area and were randomly assigned In double blind fashion
to treatment with either placebo or T 200 gig/day orally or by
nasogastric tube, until their woundswere healed. This dose ofT
was previously found necessary to replete T levels In burn patieAts.
Because four patients died while receiving ether placebo (NSURV) or
T treatment (NSURV-TX), the data were analysed according to the
fle groups characterized In Table 3. Results from the placebo-treated
SURV and NSURV groups were also Included as part of the data of

20. Wilmore DW, Long JM, Mason AD, Jr., Skreen RW, and
Pruitt BA, Jr.: Catecholamines: Mediator of the hypermetabolic
response to thermal injury. Ann Surg 180: 653, 1974.
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TABLE 2. Basal FT I and FT I and TRH-stimulated TSH
rsponse In normal and burned .ubjectW.

TBS Days
Group Age N/Sex Range Prior to FT 4' FT 3I1 TSH lntengralI

(r) Mn Death - -

CONT 31-40 5/M -- 7.9 153 1245
1±0.35 ±9.5 1 206

SURV 19-54 5/M 50-68 -. 59* 95.0 1326
(58) ± 0.7 ± 21.0 ±216

NSURV 18-63 4/M 28-68 4-7 2.9 25.01 5791t
1/F (47) ± 0.6 ± 6.0 ±109

TBS, total burn size as % body surface; for group designations, see Figure 1.
*p < 0..O tp< _0. 01; for SURV, comparison group Is CONT; for NSURV,

comparison group is SURV. ,Error terms are SEM.

TABLE 3.

Group characteristics of the T 3 treatment study.

N %TBS %TBS Begin Placebo End Placebo

(mean) (range) or T3 (PBD) o_ 3 (PBD)

CONT 8 4.5 2 -7.5--

SURV 10 44.3 18-82 3 31-104

NSURV 4 68.4 55-93 3 6 -54

SURV-TX 10 45.3 28-75 3 26- 63

NSURV-TX 4 72.9 62-85 3 12- 22

TBS, total burn size as % body surface; PBD. poitburn day; CONT,.
controls with small burns; SURV, Placebo-treated survivors; NSURV,
placebo-treated nonsurvivors; SURV-TX . T 3-treated survivors;
NSURV-TX, T -treated nonsurvivors.
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FigueI and Table 1. In this study (tables 3 and 4, figures 2 and 3),
we sampled plasma for determination of thyroid hormon StWid
catecholamines beginning on PBD 3-5. and then approximately thrice
weekly, when the patients were resting in the supine position between
0500 and 0700 h. At weekly Intervals, following at least an 8-h period
free of caloric intake, resting metabolic rate (MR) was measured in
all surviving patients. A record was kept of the total daily caloric
Intake and the separate intakes'of carbohydrate, protein and fat.

The period of PBD 3-26 was chosen for analysis, because the
major decrement in catecholamines and MR occurred by PBD 26,
the control patients were available for varying periods up to this
time, and all survivors received placebo or T treatment during this
time (Table 3). All values sampled within 241 of dopamine or
glucocorticoid administration were discarded from analysis. In one
assessment of the data, the variables were considered as the mean
value for each patient. But, since major changes in most variables
took place over this time, the time factor was accounted in separate
analyses using individual values of variables in a standard stepwise
multiple linear regression program (BMPD, UCLA) performed on a
PDP 1140 computer. To account for curvilinear dependent variation
related to TPS and PBP, these independent variables were entered
also as TBS and PBD into the multiple regression analysis. Other
possible independent variables were added to these to determine
whether they would account for variation better than the relationship
to TBS of PBD. In some analyses, death or T3 treatment were entered
as independent variables.

Determinations of T T (Ortho), reverse T (rT Serono) and
TSH (Diagnostic Products) Jere made by radioimnnunocAssays with kits
obtained from the manufacturers. Indices of free thyroid hormone
concentration (FT I and FT I) were calculated as the product of the
total T, (r g/dl) o: T (ngdl) and the T3 uptake (T U) divided by the
normal'calibrator T U3provided in the kit3(Ortho). he FT I and FT I
were validated as irdices of free hormone levels over the rage obsemived
in burn patients by determining the dialyzable fraction and the resultant
free T and free T concentrations in 100 representative, samples (Nichols
Institute, San Pedro, California). Comparison of these values with
respective indices yielded correlation coefficients of 0.93 (FT I) and
0.98 (FT I) (Figure 4). Plasma norepinephrine (NE), epinep%rine
(EPI) anr dopamine (DA) were determined by radlioenzymatic assay'
(21) as was dopmine beta-hydroxylase (22). Total plasma protein
was determined according to the method of Lowry (23). Metabolic rate

21. Durrett LR, and Ziegler MG: A sensitive radooenzywtatic
assay for catechol drugs. J Neurosci Res 5: 587, 1980.

22. Weinshilboum RM, and Axelrod J: Serum dopamine-beta-
hydroxylase activity. Circ Res 28:307, 1971.

23. Lowry OH, Rosenborough NJ, Farr AL, and Randall RJ:
Protein measurement with the folin phenol reagent. J Biol Chem
193:265, 1951.
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(MR) was measured at ambient 31 C by indirect calorimetry based on
02 consumption (24).

RESULTS

The pattern for total T and T concentration was the same as thatfor the respective free indres (Fi~lure 1), and the free indices correlated

closely with the free hormone concentrations in representative samples
(Figure 4). Therefore, subsequent analyses were focused on the free
hormone indices. In spite of reduced T and T concentrations, TSH
was lower in NSURV than in SURV (FigJre 1). 3This pattern in
unselected patients is also seen in the set of five pairs of patients
matched for burn size and times of serial hormone measurements~(Table 1). TRH stimulation (Figure 1, Table 2) in SURV produced a

normal TSH response, though four out of five had basal FT I below the
lowest value for healthy controls. The response was bluntI and delayed
in NSURV, whose TSH concentration was higher at 60 than at 30 minutes
after injection In every case. In contrast, TSH was lower at 60 than at
30 minutes ifter TRH injection in all CONT and SURV.

The reduction in FT I based on mean values for each patient was
proportional to burn siz" in patients not treated with T (Figure 2).
Comparison of mean FT 4I and TSH shows that the thyroid axis was
similarly suppressed in nonsurviving and T 3 -treated patients (Figure 2).
An inverse relationship between rT and FT I or FT I can also be seen
in patients not treated with T (Figire 2). Multiple 'egression analyses
showed that T T FTI aqdrFT I (all p<0.001) were inversely
proportional tWTB or 1'BS in pdacebo-treated patients. In these
patients, T T FT I FT I and TSH were excessively low (p<0.01
for each) fo1- thir bufln sizA in the nonsurvivors. T3 treatment raised
T3 and FT I in survivors and nonsurvivors (all p< 0.001) and suppressed
T, FT l ad TSH (all p< 0.001) In survivors but not in nonsurvivors.
n placlbo-treated patients, higher rT was associated with greater

TBS (p<0.01). T treatment reduced3 T in surviving (p< 0.001)
but not nonsurvivihg patients.

Patients with more extensive burns had higher NE levels and MR,
particularly in the first three weeks after Injury and MR Is positively
correlated with NE (Figure 3). NE Is inversely correlated with FT I
(p <0.001, not shown). Multiple regression analysis showed that3

EPI (p< 0.001) and DA (p < 0.01) were also elevated in proportion to
TBS and that nonsurvivors had elevated plasma DA (p< 0.01) but not
NE or EPI concentrations out of proportion to TBS. Although T -treated
survivors had slightly lower NE values than did untreated surAvors
for any given TBS and PBO (p < 0.05), NE levels were still elevated
(p< 0.001) and there was no detectable effect of T3 treatment on EPI.
DA or MR.

2. Aulick LR, ander EH, Wilmore DW, Mason AD, Jr., and
Pruitt BA, Jr.: The relative significance of thermal and metabolic
demands on burn hypermetabolism. J Trauma 19-559, 1979.
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Interrelationships among the measured values in untreated patients
were defined by considering FTI, FT I rT TSH, a catecholamine,
dopamine beta-hydroxylase corr&cted ?or total serum protein (DBH/P),
or MR as the dependent variable in separate multiple regression anslyses.
The remiining hormones were included together with TBS, TBS , PBD
and PBD as independent variables from which were excluded other
thyroid hormones or catecholamine-related measurements if a member
of the respective group was the dependent variable. TSH was considered
separate from the thyroid hormone group. The program chose only those
independent variables which significantly (p < 0.05) reduced the residual
variance. The resultant equations (Table 4) indicate that while TSH and
DBH/P have only weak predictive value for other variables, thyroid
hormones, catecholamines, burn size and time since the burn are closely
interrelated. MR was more closely related to NE than to EPI, in that the
latter was not chosen as a predictor for MR. In analyses not shown,
FT I, FT I, NE and MR were not correlated with total or fractionated
calgric irlake among SURV, indicating that differences in nutrition did
not influence the metabolic parameters estimated in these patients.
However, the mean total caloric intake for individual nopsurvivors was
lower (NSURV, 609-1354; NSURV-TX, 537-1522 Kcal/M /djy) than for
survivors (SURV, 1526-2192, SURV-TX, 1630-2256 Kcal/M /day).

TABLE 4.

Regression coefficients of hormonal variables.

Variables, intercept, and coefficients n r

FT41 = 7.34 - 0.0003 TBS2 - 0.002 DA + 0.001 PBD 2  143 0.344

FT31 = 98.6 - 0.568 TBS + 0.046 PBD 2 _ 0.035 DA 143 0.417

rT3 =44.2 - 3.75 PBD + 0.094 PBD 2 + 0.255 TBS 143 0.540

- 0. 002 TBS
2

TSH = 1.69 + 0.085 PBD 141 0.129

NE =1425 + 22.7 TBS - 122 PBD - 0.186 TBS2  142 0.639
2_+ 2.92 PBD -58.2 FT I

EPI= 143 + 3.0 TBS - 8.75 PBD 142 0.397

DA =208 + 0.026 TBS -1.23 FT 1 142 0.290
3

DBH/P = 90.1 - 0.306 FT 31 141 0.037

MR =35.1 + 0.243 TBS + 0.017 NE - 1.74 TSH 36 0.827
+ 0.041 DBH/P
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DISCUSSION

Severe burns suppress thyroid hormone levels (7, 8, 2S), and this
is related to extent of injury and is associated with suppression of TSH
(Figures 1 and 2). Similarly, suppression of T T and TSH proportional
to depth of coma has been reported In patients with Aead trauma (10).
Abnormal regulation of TSH in burn patients is also consistent with
findings in fasting (12) and in other forms of NTI (3, 4). Nonsurvivors
had the greatest reduction of FT I and FT I with a reduced level of TSH
and also exhibited a blunted and'delayed +SH response to TRH. These
results are compatible with failure of brain centers controlling the thyroid
axis (26), though it is conceivable that elevated DA (27) or cortisol
(28, 29) might have been capable of suppressing pituitary release of
TSH. In that FTI and FT I previously were found to be lower in
clinically septic Than in stAble burn patients (7), it Is possible that
sepsis contributed to the excessively low thyroid axis hormone values
in nonsurvivors. It is also possible that thyroid axis suppression in
nonsurvivors was partly a result of a lower caloric intake. We cannot
exclude the possibility that some unidentified factor also might interfere
with hormone release from the thyroid, though the thyroids from our
patients at autopsy have shown a thin cuboidal follicular epithelium
more compatible with lack of thyrotrophic function.

Inhibited peripheral conversion of T. to T and accumulation of the
inactive rT are features of other forms o NTI '(1, 2, 6) and are
compatible vith our findings of an inverse relationship of rT to FT I
and to F"T I in patients not treated with T Normal or high h 3 ma 7
distinguisX burn injury from the more classical forms of
hypothyroidism. Factors contributing to low T3 levels in burn
patients include reduced TSH stimulation of the thyroid, probably

25. Becker RA, Vaughan GM, Goodwin CW, Jr., Ziegler MG,
Harrison TS, Mason AD, Jr, and Pruitt BA, Jr.: Plasma
norepinephrine, epinephrine, and thyroid hormone interactions in
severely burned patients. Arch Surg 115:439, 1980.

26. Utiger RD: Tests of the hypothalamic-pituitary-thyroid axis.
In Werner SC, and Ingbar SH (Eds), The Thyroid. Hagerstown, New
J'ersey: Harper and Row Publishers, 1978, p 357.

27. Scanlon ;AF, Lewis M, Weightman DR, Chan V, and Hall R:
The neuroregulation of human thyrotropin secretion. Front
Neuroendocrinol 6: 333, 1980.

28. McKenzie JM: Stress and thyroid function. In Tolls G,
Labrie F, Martin JB and Naftolin F (Eds), Clinical Neuroendocrinology:
A Pathophysiological Approach. New York: Raven Press, 1979, p 319.

29. Vagenakis AG: Regulation of TSH secretion. In Tolis G,
Labrie F, Martin JB, and Naftolin F (Eds), Clinical Neuroendocrinology:
A Pathophysiological Approach. New York: Raven Press, 1979. p 329.
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diminished conversion of T to T and possibly accelerated removal
of T, and T due to hyperm~taborism. It has not been determined
whether reiuced degradation of rT= or elevated conversion of T4 to
rT3 is the predominant mechanism ?or the elevated rT3 levels.

Whether true hypothyroidism at the tissue level exists in the low
T syndrome is an unsettled issue (30, 31). T treatment did not alter
martality in this study. Whether a larger expeimental group might
reveal some benefit of T or whether there might be some benefit from
T4 therapy is not yet knwn. Hypothyroidism and fasting are associated
with a decreased metabolic rate but burned patients are hypermetabolic.
Their urinary catecholamines are elevated (20, 32-34) in proportion to
metabolic rate (20, 34) as ;s their plasma NE (Figure 3). The
hypermetabolism is blunted by propranolol (20), a beta blocker. We
found MR more closely correlated with NE than EPI, suggesting a beta1
mediation of some of the hypermetabolism. Burn patients also exhibit"
other signs of elevated sympathetic activity (20, 25, 34), such as
elevation of heart rate, cardiac Output and core temperature. The
hypermetabolic low T3 syndrome may occur in a variety of settings.
Other types of trauma (35) and febrile illnesses (36) are associated
with hypermetabolism, and febrile illnesses are associated with elevated
catecholamire excretion (37) and decreased T3 levels (38).

30. Spector DA, Davis PJ, Helderman HJ, Bell B, and Utiger RD:
Thyroid function and metabolic state in chronic renal failure. Ann
Internal Med 85:724, 1976.

31. Lim VS, Henriquez C, Seo H, Refetoff S, and Martino E:
Thyroid function in a uremic rat model. J Clin Invest 66: 946, 1980.

32. Black JA, Harris F, Miller RWS, Robinson S, and Carroll J:
Catecholamine excretion in burns in children. Burns 3:218, 1977.

33. Goodall McC: Sympatho-adrenal medullary response to
thermal burn. Ann NY Acad Sci 150:685, 1968.

34. Harrison TS, Seaton JF, and Feller I: Relatianship of increased
oxygen consumption to catecholamine excretion in thermal burns. Ann
Surg 165: 169, 1967.

35. Cuthbertson DP: Surgical metabolism: Historical and
evolutionary aspects. In Wilkinson AW, and Cuthbertson DP (Eds),
Metabolism and the Res ;nse to Injury. Chicago: Year Book Medical
Publishers, Inc., 1976, p 1.

36. Kinney JM: Surgical hypermetabolism and nitrogen metabolism.
In Wilkinson AW, and Cuthbertson DP (Eds), Metabolism and the
f'esponse to Injury. Chicago: Year Book Medical Publishers, Inc,
1976, p 237.

37. Mason JW, Buescher EL, Belfer ML, Artenstein MS, and
Mougey EH: A prospective study of corticosteroid and catecholamine
levels in relation to viral respiratory illness. J Human Stress
5:18, 1979.

38. Kallner G, and Ljunggren J: The role of endogenous cortisol
In patients with non-thyroidal illness and decreased T 3 levels. Act&
Med Scand 206:459, 1979.
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Thus, patients with extensive burns and probably patients with
other nonthyroidal illnesses develop a hypermetabolic low T syndrome.
Their hypermetabolism is due, at least in part, to elevated cltecholamine
secretion. The syndrome in burn patients would appear potentially
harmful in terms of the very high levels of catechotamines or the low
levels of free thyroid hormones, but attempts to alter it with T
administration did not greatly affect catecholamines, hypermetibolism
or mortality.

PRESENTATIONS/PUBLICATIONS:

Becker RA, Vaughan GM, Seraile LG, Tucker JM, Mason AD, Jr., and

Pruitt BA, Jr.: A syndrome of secondary or tertiary hypothyroidism
in septic, terminally ill burn patients. Thirteenth Annual Meeting of
the American Burn Association, 1981.
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ABSTRACT

PROJECT NO. 3A161101A91C-O0, IN-HOUSE LABORATORY INDEPENDENT
RESEARCH

REPORT TITLE: MICROMETHOD FOR ASSESSMENT OF SERUM OPSONIC
CAPACITY IN THE BURNED PATIENT: CHEMILUMIGENIC
PROBING OF THE HUMORAL-PHAGOCYTE AXIS OF IMMUNE
DEFENSE IN THE BURN INJURY PATIENT

US Army Institute of Surgical Research, Brooke Army Medical

Center, Fort Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September 1981

Investigators: Robert C. Allen, M.D., Ph.D., Major, MC
Basil A. Pruitt, Jr., M.D., Colonel, MC

Reports Control Symbol MEDDH-288(R1)

Primary host defense against bacterial infection is
provided by an information-effector system termed the humoral-
phagocyte axis of immunity. Available evidence suggests that
both elements of this system for immune defense may be altered in
the burn injury patient. In the present study both serum opsonio
capacity and granulocyte oxygenation activity were measured in 35
burn injury patients during their course of therapy. The micro-
bicidal action of granulocytes Is effected via the metabolio
generation of oxygenating agents. Introduction of cheallusigenio
substrates, such as luminol or dimethyl biaoridinium dinitrate,
allows ultrasensitive measurement of phagocyte oxygenation moti-
vity. Serum opsonio capacity can also be assayed by measuring
the rate of activation of phagocyte oxygenation activity using
ohemilumigenic probes. In the patients studied, alterations in
granulocyte oxygenation activity were observed in individual
patients in temporal association with changes in clinical oon-
dition, and sepsis was associated with a marked decrease In acti-
vity. An initial depression in opsonio capacity wvm noted at the
time of admission of patients with major burns, > 401 total body
surfaoe. Thereafter, depression of opsonio capacity was tem-
porally associated with sepsis in individual patients*
Chemilumigenio probing provides a rapid, sensitive, and objeotive
method for assessing the status or the humo'al-phaoyte axls,
and as a clinical laboratory technique, is parttoularl appli-

cable for monitoring patient populations where sepsis is prova-
lent.

Burn Injury Poly~orphonuolear leukocyto

Chemiluminesoence Orantloayto
Chemilufigenlo probe Luminal
Complement Opsontin
Dimethyl biaoridinium dinitrate Phagooyte
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MICROMETHOD FOR ASSESSMENT OF SERUM OPSONIC
CAPACITY IN THE BURNED PATIENT: CHEMILUMIGENIC
PROBING OF THE HUMORAL-PHAGOCYTE AXIS OF IMMUNE

DEFENSE IN THE BURN INJURY PATIENT

Despite an expanded arsenal of antibiotics, septic com-
plications continue to be a major contributor to morbidity and
mortality in the burn patient. Such infections, commonly
caused by opportunistic pathogens, imply alteration of host
resistance to Infection. The primary host defense against most
bacterial and some fungal infections is provided by an
information-effector system termed the humoral-phagooyte axis of
immunity. The humoral element, composed of opsonic proteins,,
serves as the information mechanism which triggers a sequence
of immunoh mical events leading to phagocyte miorobicidal
activity. - Alterations of both elements of the humor fly
phagocyte axis have been described in the burn patient. '

1. Klebanoff SJ, Clark RA. The Neutrophil: Function and
Clinical Disorders. Amsterdam, North Holland Publish Co,
1978:1-55 .

2. Aillen RC. Reduced, Radical and Excited State Oxygen in
Leukocyte Microbicidal activity. In: Dingle JT, Jacques PJ,
Shaw IH, eds. Frontiers in Biology, Vol 48. Amsterdam, North
Holland Publish Co., 1979:197-233.

3. Allen RC. Chemiluminescence: An Approach to the Study
of the Humoral-Phagooyte Axis In Host Defense Against Infection.
In: Peng CT, Horrocks DL, Alpen EL# eds. Liquid Scintillation
runting, Recent Applications and Development, Vol II, New York,
Academic Press, 1980:377-393.

4. Alexander JW, McClellan MA, Ogle CK, Ogle JD.
Consumptive Opsoninopathy: Possible Pathogenesis in Lethal and
Opportunistic Infections. Ann Surg 1976; 184:672-678.

5. Alexander JW, Ogle CK, Stinnett JD, MacMillan BG. A
Sequential, Prospective Analysis of Immunologic Abnormalities
and Infection Following Severe Thermal Injury. Ann Surg 1976;
188,-809-816.

6. Bjornson AB, Altemeier WA, Bjornson HS. Changes In
Humoral Components of Host Defebse Following Burn Trauma. Ann
Surg 1977; 186:88-96.

7. BJornson AB, Altemeier WA, Bjornson HS. gost Defense
Against Opportunist Microorganisms Following Trauma. Ann Surg
1978; 188:93-101.

8. Bjornson AB, Altemeier WA, Bjornson HS. Colemeat,
Opsonins, and The Immune Response to Bacterial Infeotion in
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9. Alexander JW, Vixsom D. Neutrophil Dysfunction and
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Currently available techniques for testing humoral and
phagocyte function are time consuming, expensive and require a
high degree of technical expertise. Chemilumigenic probes (CLP),
such as luminol and dimethyl biacridinium dinitrate (DDA), have
made possible the development of an ulrasensitive, rapid,
inexpensive and non-destructive method for quantification of
phagocyte miorobicidal metabolism based on measurement of the
photon emission associate wv~h e oxygenation of these high
quantum yield substrates.1 The results and interpreta-
tion of our initial research using CP techniques for assessment
of the humoral-phagocyte axis of immunity In burn patients are
described in this report.

METHODS

Patient Data. The present study included eight healthy
controls and thirty-five burn patients. All of the patients
sustained their burn injuries it the same accident, and all were
admitted to the Institute of Surgical Research on the third post-
burn day (PBD). The patients were all previously healthy adult
males ranging in age from 20 to 22 years. Nine patients had 2 to
18% total body surface (TBS) burns; eight patients had 21 to 36
TBS burns; ten patients had 42 to 56% TBS burns; and eight pa-
tients had 62 to 93% TBS burns. The controls included five
males and three females ranging in age from 21 to 34 years. Of
the 35 patients studied, 7 died. The charts of three of these
non-surviving patients were reviewed, and the significant
clinical changes and therapeutic interventions are presented
chronologically for correlation with laboratory measurements of
granulocyte oxygenation activity and serum opsonic capacity. All
blood specimens were obtained between 0600 and 0700 hours.
Total and differential leukocyte counts were performed on the
blood specimens in order to calculate the specific granulocyte
activity for each patient. Informed consent was obtained from
patients and controls, and the studies were conducted in
accordance with Army Medical Research and Development Command
project number 3A161101A91C.

12. Allen RC, Loose LD. Phagocytic activation of a
luminol-dependent chemiluminescence in rabbit alveolar and
peritoneal macrophages. Biochem Biophys Res Commun 1976;
69:245-252.

13. Allen RC. Bioohemiexoitation: Chemiluminesoenoe and
the Study of Biological Oxygenation Reactions. In: Adam V,
Cilento 0, eds. Cheml and Bioenergized Prooesses. New York,
Academic Press, 1981 (in press).
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i I
Granulocyte Oxygenation Measurement. Whole blood obtained

by von punoture was collected in MT tubes for standard blood
counts. A 0.1 ml aliquot was taken from the well-mixed specimen
and added to a tube containing 0.9 .l of phosphate buffered
saline, pH 7.2 to yield a 1 to 10 (1:10) dilution; 100 vl of the
1.1-0 diluted whole blood were then added to sterile, siliconized
glass counting vials (24 ml capacity) conttning 1.68 ml of
barbital (veronal) buffered saline with Ca 1, + plus
albumin (0.1% w/v) and glucose (0.1$ w/v).1

Two chemilumigenic probes were employed. Luminol (5-amino-
2, 3-dihydro-1, 4 - phthalazine-dione) was purchased from Sigma
Chemical Company; a 1 mH stock solution was prepared in dimethyl
sulfoxide (DMSO). Dimethyl biacridinium dinitrate (DBA;
lucigenin; 10, 10'-dimethyl-9, 9'-biacridinium dinitrate) was
purchased from Aldrich Chemical Company; a 1mM stock solution
was prepared in H2 0. Just prior to use, the CLP stock solutions
were diluted with H20 to yield 5 pH substooks, and 0.2 ml of
either substock was added to each vial. The final CLP concen-
tration was 0.5 pM, and the final pH of the suspension was 7.2.

The vials were then placed in the counter, and luminescent
intensity measurements were taken ever 13 min. After three
measurements of prestimulation background luminescence, 20 ol of
either chemical or particulate stimulant were added per vial
within 30 sec of the time zero count. The stimuli employed were
both purchased from Sigma Chemical Company. A 5 mM stock
solution of phorbol myristate acetate (P4A; phorbol-12-myristate-
13-acetate) was prepared in DMSO. This stock was diluted with
H20 to yield a 2.5 PM substook solution. Addition of 20 ml of
substook to the vial yielded a final concentration of 25,nN PHA.
Zymosan A was suspended in normal saline (250 mg/dl), heated to
906C for 30 min, and the cooled suspension was opsonified with
an equivalent volume of guinea pig complement (250
CH 0 units/ml). After 30 min incubation, the suspension was
centrifuged, the serum decanted, and normal saline added to
yield opsonified zymosan (Op.Zy.) 50 pg/20 pl.

DSO does not influence granulocyte function at the concen-
tration employed in these studies. Light absorption by
hemoglobin presents a problem with regard to direct measurement
of CL from phagocytes using whole blood specimens. In the
present study this problem was sufficiently overcome by diluting
the whole blood specimen 1:200 and adjusting the concentration
of the CLP to provide the necessary sensitivity for oxygenation
measurement.

14. Mayor I*1. Complement and Complement Fization. lo
Kabat ii, Ed. Experimental Imunoohemistry, Ed 2. 8prinitilid,
Charles C. Thomas, 1971: 133-162
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Serum Opsonic CaaiyMeasurement. Blood was obtained from
healthy volunteers, and the leukocyte-rich plasma isolated fol-
lowing heparin-dextran sedimentation. After hypotonic lysis of
the remaining erythrocytes (0.2% saline for 15 see), and two ad-
ditional washes in phosphate buffered saline, total and
differential counts were taken. The volume was adjusted to yield
1000 PMtL/vl and 25 ,I of this PMNL suspension was added to vials
containing 1.75 ml of complete barbital buffer (BBC) plus luminol
as described in the previous section. The patient or control
serum to be tested was diluted and a different dilution was added
to each vial in order to allow titration of activity. The vials
were then placed in the counter and CL intensity measurements
were taken every 7 min. After three prestimulation measurements,
20 p1 (50 ug) of zymosan suspension (unopsonified) were added per
vial within 30 sec of the time zero count.

Single Photon Counting& Chemiluminescence was quantified
at room temperature (220C) using the single photon counting
capacity of a Beckman LS-150 scintillation counter equipped with
EMI 9829AM photomultiplier tubes, and operated in th9 out of
coincidence mode using the tritium channel settings.'5  The raw
CL intensity values were converted to photons per minute by
multiplying the relative counts per minute by a photon conversion
factor, 14. This factor was established by calibrating the
counter ygth a known blue photon emitter as described by
Seligor. Values for integral CL response were calculated
from the CL intensity data by trapezoidal approximation.

RESULTS

Granulocyte Oxygenation Activity. The activation of poly-
morphonuclear leukocyte (PMNL) metabolism associated with phago-
cytosis or chemical stimulation results in the generation of
oxygenating agents capable of exerting microbicidal action.
Introduction of bystander substrate molecules, whose oxygenation
results in a high yield of electronically excited products,
allows ultrasensitive measurement of phagocyte oxygenation

15. Allen RC, Stjernholm RL, Steele RH. Evidence for the
Generation of an Electronic Excitation State(s) in Human
Polymorphonuclear Leukocytes and Its Participation in
Bactericidal Activity. Biochem Biophys Res Commun 1972;
4T:679-684&

16. Seliger HH. Single Photon Counting and Spectroscopy
of Low-Intensity Chemiluminesoent Reactions. In: Peng CT,
Horrooks DL, Alpen EL, ads. Liquid ScintillatT-n Counting,
Recent Applications and Development, Vol II, New York, Academic
Press, 1980:281-319.
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Fig ib: Plots of Intensity (part a) and Ir'&gral (part b) CL data
against time. The patient's whole blood specimen contained
21,800 leukocytes/ul with 58% segmented and 7% band neutro-
phils, 3% eosinophils, 4% monocytes and 28% lymphocytes.
Twenty Al of either 25jUM phorbol myristate acetate or serum
opsonifled zymosan (2.5 )ag/JPl) were added at time zero. The
cumulative Integral CL was calculated from the Intensity date
by trapezoidal approximation.
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Fig 2: The Integral CL response for the 2 hr Interval following stimulation
plotted against the total number of granulocytes In the 10j"I specimen
of whole blood tested. The granulocyte count Included segmented, bind,
and metamyelocytic neutrophils and also esosinophils. The quantification
of Integral CL wals as described In Fig 1. The patient specimens were
divided into four groups: 1) controls plus patients with 3 to 18t
TOS burns (0), 2) patients with 21 to 36% TBS burns MX, 3) patients
with 42 to 56% TSS burns ()and 4) patients with 61 to 93 ISS burns ()
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Fig 3: Plot of Integral el, for the 2 hr Interval following stimulation wlth
PMA. The conditions are the sow as those described for Fig I except
that PKA was the stimulant and OBA was the chmilumigenlc probe. This
solid regression line Is obtained when all patients are considered;
the broken regression Iline Is obtained when the 61 - 93% TIS burn

patients are excluded from the calculation.
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activity through quantification of the luminescence resulting
from relaxation of these excited products. Appreciation of the
utility of chemilumigenic probing can be gained by perusal of
Fig la and lb. In Fig la, chemiluminescence (CL) intensity
(dCL/dt) is plotted against time. The portion of the curves to
the left of time zero depicts prestimulation activity. The
kinetics and magnitude of the CL responses from this patient's
granulocytes show a pattern consistent with normal. Note that
the pattern of oxygenation activity depends upon the stimulus
and CLP employed. Characteristically, the granulocyte response
to Op. Zy. is relatively rapid as measured by luminol
oxygenation; whereas, DBA oxygenation in response to stimulation
by PMA is slower but sustained. In Fig lb the data are depicted
as the integral or cumulative CL plotted against time. The
integral values were calculated from the intensity data by
trapezoidal approximation.

Table 1 was constructed from CL data generated by measure-
ments as described in Fig 1. The integral CL for the two hour
post-stimulation time interval was found to be a linear function
of the number of granulocytes present in the whole blood specimen
tested. The data of a representative experiment are depicted
in Fig 2. Using Op. Zy. as the stimulant and luminol as the
CLP, the total number of granulocytes in the 10 il blood specimen
is plotted against the integral photons measured for the two-
hour post-stimulation interval. As reported in table 1, for most
of the experiments where Op. Zy. was the stimulus and luminol
was the CLP, the coefficient of determination (V) was
approximately 0.8, indicating a high degree of correlation. The
skewing effect of a few individuals with abnormal granulocyte
function was responsible for poor correlation W <0.8) in some
experiments. For example, on post burn day (PBD) #13, if only
the surviving patients (&--22) are considered in the calculation,
the function becomes: integral photons * 103/2 hr = 2.5
(number of granulocytes) - 2.9 with ann. of 0.87.

Integral CL also correlated with the number of granulocytes
present in the whole blood specimen when PHA was the stimulant
and DBA was the CLP. However, the coefficients of determination
were not as high as those obtained using Op. Zy. plus luminol.
The lowerA 2 values reflect the skewing effect of individual
patients or groups of patients with low specific activity. This
effect is graphically depicted in the plot of DBA-dependent
integral CL against the number of granulocytes stimulated with
PMA presented in figure 3. The A2 for the linear regression,
plotted as the unbroken line, is 0.53 when all patients and
controls are considered in the calculation. However, when those
patients with greater than 60% TBS burn are excluded from con-
sideration, the equation relatitg CL to granulocyte count
becomes: integral photons • 10 /2 hr = 1.0 (number of
granulocytes) + 1.8 with an'n. x 18 and an t2 of 0.87. This new
plot is indicated by the broken line in figure 3.
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Granulocyte oxygenation activity is reported as granulocyte
oxygenation index (GOI). The GOI is calculated by dividing the
actual measured granulocyte oxygenation activity of a given
specimen by the calculated activity based on values obtained for
controls and patients with less than 40% TBS burn. For egample,
.patient 20 on PBD #20 had a 8granulocyte count of 1.3 x 10 /10 P1
whole blood yielding 1 x 10U photons during the two hour interval
following stimulation by Op. Zy. with luminol as CLP. Using the
equation established for "controls plus 2-35% TBS burn" patients
on PBD #20 as presented in Table , the granulocytes of patient
20 are calculated to yield 3 x 10° photons during this post
stimulation interval. Therefore, his GOI is 1/3 or 0.33.

Serum Opsonic Capacity. The humoral or information aspect
of acute immune defense can also be tested by a modification of
the CLP approach. When serum concentration is the only variable,
opsonic capacity can be expressed as the rate of activation of
phagocyte oxygenation activity and can be measured by chemi-
lumigenic probing. Serum opsonification of zymosan is a measure
of non-specific opsonic capacity; that is, it is considered to
proceed via the alternative pathway of complement activation.
The titrations of zymosan (non-specific) serum opsonic capacity
for a control and a patient are depicted in Fig 4 and 5,
respectively. In the figures, the integral CL responses are
plotted against time. Note that the quantity and source of the
serum are the only variables.

The relationship between quantity of serum and opsonic
capacity is not linear, and more closely approximates the
sigmoidal relatiolghip previously established for complement
hemolytic assays. This sigmoidal relationship is illustrated
by plotting the integral CL data of Fig 4 and 5 against the
quantity of serum tested as done in Fig 6. In Fig 6, the
ordinate Is presented as the log of the fraction: integral CL
for the specimen/maximum integral CL for all specimens -
integral CL for the specimen; thus, at 50% stimulation of
granulocyte oxygenation activity, the ordinate value will be
zero. Therefore, under the stated conditions of testing the
quantity of serum required for 50% activation can be defined
as a non-specific or zymosan opsonic 50 unit. For the control
serum 7.8 ul were equivalent to one opsonic 50 (Op.50) unit;
for the patient 22.6 pl of serum were required for one Op.50
unit. Thus the control contained 128 Op.50 units/ml serum,
and the patient contained 44 Op.50 units/Ml serum. The mean +
standard deviation for seven control sera was 123 t 19 Op.50
units/ml.

Temporal Studies of Individual Patients. The clinical
changes which ocourred Tn three non-surviving patients, as well
as changes in total leukocyte and granulocyte count, and the
changes across time of serum opsonio capacity and 001, as
measured by the CLP techniques described, ar.., depicted in
Fig 7, 8, and 9.
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CL Inmtegral: Photons (x 10t-7)

5g W r%1 Co"

PMNL: 25,000 in 2 ml BBC
-7 CLP: Luminol, 0.5 )4M

0

...... Addition: Zymoson, 50 M9 Ln

7

.--.- ', ,
I" 21

3

* ,
0 35

49"

63

Fig 4: Plot of the cumulative integral CL against time from
Isolated polymorphonuclear laukocytes (PINL) with
luminol as the chemilumigenic probe. In the experiment,
the only variable is the quantity or dilution of norm,.
control serum present per vial. Opsoniflcatlon wet
Initiated at time zero by addition of 20jul (SO ug)
unopsonifled zymosan.
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Fig 5: This plot is the same as described in Fig eixcept
that the serum of patient 13 is titrated.
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CL Integral: log ECL/(Max CL-L)]
Interval: 9 63 min.

ox

x 10.

15

290

25

30

Fig 6: The Integral CL response for the 63 min post stimulation
interval expressed as log (individual specimen CL/ maximum
CL for all specimens - Individual specimen CL) plotted
against the quantity of serum present per vial. This
figure is constructed from the date presented In Fig LI
end 5. When the y-value Is zero, the x-value Is that
quantity of serum required for 50% maximum Integral CL
from the granulocyte suspension.
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DISCUSSION

The primary phagocyte of the humoral-phagocyte axis of acute
host defense against infection is the granulocyte, and the
metabolically dependent generation of oxygenating agentsi
essential for effective granulocyte microbicidal action. 1 - The
CLP techniques employed in the present study were designed to
measure the oxygenation activity of stimulated phagocytes.
Stimulation was effected using either serum-opsonified zymosan,
a phagocytosable particulate stimulus, or PMA, a chemical
stimulus. Oxygenation activity was further differentiated by use
of different CLP. The luminol CL reaction is an oxidative
oxygenation, and in the granulocyte, reflects myeloperoxidase-
associated activity. The DBA reaction is a reductive oxygena-
tion, and iq3the granulocyte can provide a measure of -0
generation. 3

Specific oxygenation activity was normal in many patients
where bands and metamyelocytes accounted for greater than 70% of
the total granulocyte count; therefore, segmented, band, and
metamyelocytic neutrophils plus eosinophils were included in
the calculation of specific oxygenation activity. Grogan has
also reported that the juvenile ney6rophils in burn patients
have normal bactericidal capacity.

The tabulated results of specific oxygenation measurements
of granulocytes from the burn patients are presented in Table 1.
Specific activity was generally lower in granulocytes from the
greater than 40% TBS burn group as compared to controls plus
patients with less than 40% TBS burns. However, many patients
with major burn injuries had specific oxygenation activities
comparable to or greater than control values. Specific activity
varied with the clinical state of the patient. Figures 7, 8, and
9 depict the temporal relationships of oxygenation activity,
presented as the GOI, to clinical condition in three non-
surviving patients. In most instances, the GOI parallelled

* opsonic capacity. Measurements of GOI in patient 20 were
* approximately 1.0 on PBD #4 and #6, and decreased to 0.8 in

temporal relation to a decrease in opsonic capacity on PBD #11.
The OI rose to greater than 1.0 on PBD #13 and #18, but on PBD
#20 a profound decrease to below 0.4 was associated with a

P precipitous decrease in opsonic capacity and documented
Proteus septicemia. This patient expired two days later.

A somewhat different pattern was observed in patient 28.
GOI's were consistently low for the PBD #4 and #6 measurements
in temporal association with persistently low opsonic capacity.

p/
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On PBD #13 the granulocyte count rose to 54 ,500/ul following
the occurrence, and steroid treatment of, an episode of clinical
sepsis as Indexed by otherwise unexplained hypotension and
hyperthermia. The GOI on PBD #13 was approximately 0.4, and the
patient expired on PBD #16. A GOI below 0.4 was also measured
in patient 13 on PBD #25 In temporal association with burn wound
infection and profound depression of opsonic capacity.

These findings suggest a relationship between granulocyte
oxygenation activity and state of infection. However, in the
present study, frequency of sampling was limited to two specimens
per week, and it Is not possible to determine whether the
relationship observed is one of cause or effect. Possible
causes of decreased GOI are numerous and include: hormonal
fluctuations, such as increased circulating levels of
catecholamines and corticosteroids and decreased levels of
thyroid hormone; fungal or bacterial toxemia; serum inhibitors;
and circulating antlgen-antibody complexes. At present there
is no convincing evidence to incriminate any single mechanism.

17

The serum opsonic capacities for these non-surviving
patients were also measured throughout the course of
hospitalization, and the results are plotted as zymosan Op.50
units/ml serum. As depicted In Fig 7, the opsonic capacity of
patient 13 was markedly depressed during the first post-burn
week with values ranging from 35 to 50 Op.50 units/ml serum,
but by PBD #11, opsonic capacity was within the range of normal
controls. After PBD #12 opsonic capacity followed a variable
course in association with multiple clinical episodes of
Infection. A profound decrease in activity to 33 Op.50 units/ml
was measured on PBD #25 in association with documented burn
wound infection. During the period from PBD #28 to #40, opsonic
capacity was measured Intermittently with fluctuations in
activity observed in association with Candida septicemia and
aspiration. Following PBD #40, a progressive decrease in
opsonic capacity was measured In association with fungal burn
wound infection. During the following nine days, an insidious
decrease in opsonic capacity paralleled preterminal clinical
deterioration, and was not reversed by administration of
multiple units of whole blood, packed erythrocytes, and fresh
frozen plasma.

As shown in Fig 8, patient 20 had 101 Op.50 units/ml serum
on PBD #4, a value only slightly below the mean + standard
deviation (123 + 19) of the control sera tested.- By PBD #7 the

17. RansJ5 U, rorsgren A, Arturson G. Neutrophil
Leukocyte Function and Wound Bacteria in Burn Patients. Burns
1976; 3:171-178.

* 3

{327



serum capacity had risen to 204, and by PBD #10# it reached a
maximum of 263 Op.50 units/ml. Even though at near control
levels, the serum opsonio capacity measurements on PBD #3, #4
and #5 were low relative to the patient's maximum capacity, and
on PBD #19 and #20, opsonic capacity fell to a level of 97 Op.50
units/ml in association with hypotension and Proteus septicemia.
Patient 28 had exceptionally low serum opsonic capacity through-
out his relatively short clinical course as depicted In Fig. 9.
Only 15 Op.50 units/ml serum were measured on PBD #3, and
opsonic capacity remained below 43 Op.50 units/ml until he
expired on PBD #16.

Relative or absolute depression of opsonic capacity was
noted on admission in all three patients. Secondary depression
in serum opsonic capacity was temporally associated with sepsis,
and control of sepsis was associated with improvement in
capacity. Initial depression may reflect the actliation and
consumption of complement by heat altered ti sue,"0 or it may
reflect transeschar exudation of complement. "  Secondary
depression in activity 2ay be related to the presence of a
circulating inhibitor, or may e related to complement
consumption secondary to sepsis.

The CLP techniques employed in this study are currently
undergoing further developmental improvement and testing for
eventual use as a routine clinical laboratory technique.
Chemilumigenic probing promises to provide arapid, sensitive,
inexpensive, and objective method for assessment of both aspects
of humoral-phagocyte Immunity. Such information is important

since timely detection of a decrease in either humoral or
phagocytic function would alert the clinician to probable sepsis,
and thus prompt a thorough search for the causative infection
and early treatment of the septic process.

18. Heideman H, Gelin LE. Impaired Host Defense For
Infections due to Complement Consumption by Tissues Changed by
Heat. Burns 1979; 5:245-247.

19. Dhennin C, Pinon G, Greco JN. Alterations of
Complement System Following Thermal Injury: Use in Estimation
of Vital Prognosis. J Trauma 1978; 18:129-133.

20. Bjornson AB, Altemeier WA# Bjornson HS. Reduction in
C3 Conversion in Patients with Severe Thermal Injury. J Trauma
1976; 16:905-911.
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TABLE I

SPECIFIC OXYGENATION ACTIVITY OF GRANULOCYTES IN WHOLE BLOOD

Integral Photons • 103/2 hrs = m * (Number of Granulocytes) + b

Post Burn Stim: Op.Zy.; CLP: Luminol Stim: PMA; CLP: DBA

Day n m b n m b .2

4 10 3.3 -5.6 0.84 10 1.8 0.6 0.54
E 11 16 3.6 -5.9 0.85 16 1.1 2.5 0.83

o13 12 3.4 7.2 0.96 12 1.0 4.9 0.45
18 12 2.8 -5.9 0.82 ND ND ND ND

! JA 20 13 2.6 -4.4 0.78 13 0.6 1.9 0.54
25 13 2.3 -2.8 0.86 13 0.9 1.8 0.83
27 9 2.0 -0.9 0.68 9 0.9 2.8 0.84

4 12 2.3 -2.3 0.87 12 1.1 -0.6 0.60
11 12 3.1 -6.2 0.78 12 1.0 -1.2 0.89

* 13 16 1.1 12.2 0.65 16 0.7 -2.9 0.70
18 13 1.8 1.0 0.65 ND ND ND ND
20 13 2.0 -2.9 0.81 13 0.5 1.3 0.48
25 12 3.2 -8.1 0.81 12 1.5 -4.3 0.66
27 12 2.5 -1.7 0.75 12 0.7 3.5 0.41

4 22 2.3 -2.4 0.88 22 1.0 2.0 0.51
11 28 3.1 -4.o 0.84 28 0.8 2.9 0.80

- 13 28 1.4 6.5 0.67 28 0.7 4.9 0.59
S18 25 2.0 -0.6 0.78 ND ND ND RD

• ' 20 26 2.1 -2.2 0.82 26 0.5 2.0 0.49
.. 25 25 3.1 -6.8 0.83 25 1.4 -1.5 0.65

27 21 2.5 -2.5 0.79 21 0.7 3.5 0.53

Op.Zy.: 50 jug/2 ml; PIA: 25 nM; Luminol: 0.5 AN; DBA: 0.5 ,uM; n:
number of specimens; slope of linear function; b: y-interoept
of linear function; n: coefficient of determination; ND: not
done.

These data were obtained using the conditions of' testing described
in Figure 1.
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ABSTRACT

PROJECT NO. 3A. iO1A91C-00, IN-HOUSE LABORATORY INDEPENDENT
INDEPENDENT RESEARCH

REPORT TITLE: MECHANISMS OF OPPORTUNISTIC INFECTION IN
BURNED SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medical
Ce 'er, Fort Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September
1981

Investigators: Albert T. MoManus, Ph.D., Major, MSC
Camille Denton, M.A.
Arthur D. Mason, Jr., M.D.

Reports Control Symbol MEDDH 288 (RI)

Strains of Providencia stuartii isolated from wounds
and blood of septic burn patients have been investigated. All
isolates were multiply antibiotic resistant. Using Agarose
electrophoresis techniques, two plasmids of greater than 30
million molecular weight were present. The transferability, host
range and plasmid effects on virulence are being investigated.

Virulence Factors
Plasmids
Infection
Toxins
Antibiotics
Pharmacologic Modulation
Vaccines
Lab Animal
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MECHANISMS OF OPPORTUNISTIC INFECTION IN BURNED SOLDIERS

Efforts have been initiated to establish a plasmid isolation
and identification system for burn patient bacterial isolates.
The purpose of this system will be to identify specific
extrachromasomal genetic elements (plasmids) and their gene pro-
ducts that may influence patient infections and chemotherapy.
Examples of such genetic elements are antibiotic resistance
plasmids and their expressed specific mechanisms of antibiotic
inactivation. Other possible plasmid mediated phenomena would be
proposed virulence factors such as serum resistance, tissue spe-
cific attachment ligands and antigens.

Initial efforts have been directed at enteric bacteria. A
genetically marked E. colt strain C-600 was kindly provided by
Dr. Eric Moody from-the Department of Microbiology at the
University of Texas Health Science Center in San Antonio. Strain
C-600 is free of the E. colt fertility factor (F-) and E. colt
phage lambda (X -). Tt iqquires threonine, leucinine aind
thiamine for growth (Thr, Lev, Thi), is resistant to E. coli
Phage T1 (Ton A) and is lactose fermentation negative-TL-ao--T).
An additional genetic marker was added at this Institute. A
nalidixic acid resistance chromosomal mutant was selected by
direct plating of K 10 u E. colt C-600 onto complete growth media
containing 100 jig/ml nalidixic acid. A spontaneous mutant was
isolated and this strain was designated strain C-601. Nalidixic
acid resistance is relatively rare for USAISH E. colt isolates.

Broth matings of patient E. colt strains which were nail-
dixic acid sensitive and had anigT ioic resistance patterns dif-
ferent than C-601 were attempted. Following mixing of a wild
strain with C-601 and incubation, the cultures were diluted and
plated onto selective media: containing antibiotic to kill both
the "donor" wild strain and all C-601 cells that had not received
the selected marker. An example would be to select for
carbenicillin resistance transfer from a wild strain to
oarbenicillin sensitive C-601 by plating mixed cultures onto
growth media containing carbenioillin (25. g/m) and nalidixic
acid (100 jos/ml). By design, the wild strain wouRd be killed by
the nalidixic acid, C-601 would be killed by the oarbenioillin
and only bacteria with resistance to both nalidixio acid and
oarbenioillin would survive, i.e., C-601 with R-taotor with
expression of oarbenicillin resistance genes. The frequency of
transfer can be calculated by relating the number of transoon-
jugates to the number of donor bacteria in the original mating
mixture.

3
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Following isolation of transconjugate C-601 clones, the
strains are examined for cotransfered resistance markers which
were not initially selected. Successful mating data are pre-
sented in Table 1. The plasmid designation pISR has been
selected to identify isolated plasmids as coming from USAISR.

NEXAMINATTON OF RECENT PROVIDENCIA STUARTII ISOLATES
FOR TRANSFERABLE ANTIBIOTTCHESTSN~fT A 3 --

Reappearance of Providencia stuartii was noted during the
last quarter of FY1980. This species remained endemic during
this reporting period. Patient bacteriology will be reported
separately in this Annual Report (Lindberg et al).

We have examined approximately 80 strains for antibiotic
sensitivity to several experimental antibiotics. Antibiotic
sensitivities are reported in Table 2. As can be seen, these
isolates are highly resistant to aminoglycosides other than
amikacin and most penicillins. The listed third generation
cephalosporins were not FDA approved for human use during FY81.
They are expected to be available during the next reporting
period.

Transfer of antibiotic resistance from Providencia stuartii
to E. coli C-601 was attempted. The endemic strain of P.
stuartii is sensitive to naladixic acid. Broth cultures of
P. stuartii 80111411 were mixed and collected onto a 0.45
mTcron m llipore filter. The filter was placed on a plate of
nutrient agar for 6 hours at 370. Following incubation the
filter was placed in broth and shaken vigorously to resuspend
the bacteria. The broth was diluted and plated onto selective
media and co~itrol antibiotics. Results are shown in Table 3.
A single linkage group was found using three different selective
media.

Examination of crude lysates using 0.7% agarose gel
electrophoresis techniques indicated that plasmid DNA in the
range of 40-50 million molecular weight was transfered from the
Providencia stuartii 80111411 and E. coli C-601. (Fig. 1)

The host range and frequency of this plasmid among the
bacterial ward isolates will be reported in future reports.
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FIGURE 1. Agarose gel eleotrophoresis of plasmid DNA from E.
coli C601 transconjugants derived from a mating with P. stuartit
BM1411. Electrophoresis was in 0.7% agarose gels at room
temperature for three hours (at 100 mA) in standard borate
buffer. Migration was from top (cathode) to bottom (anode).
Wells 1-6 were loaded with 25-i sample. Wells 7-12 were loaded
with 50)41 sample. (1 & 7), E. coli C601 - parent; (2 & 8), P.
stuartii 80111411 - parent; (3 & 9), progeny C-5; (4 & 10),
progeny G-8; (5 & 11), progeny K-13; (6 & 12), progeny SD-17.

The parent, P. stuartii, as well as all the transconjugants each
carried one large plasmid. In addition, P. stuartii as well as
two of the transconjugants (C-5 & SD-17) carried a smaller
plasmid.

Abbreviation: CR - Chromosomal DNA
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Table 1. Antibiotic Resistance Markers Transferved to ~I
Patient E. col into E. coli strain C-m601

3. 4LI
BDO0 TRANSFERRED PHENOTYPE* DESIONOW4,o

046 Ap Cb VISRI
86997 To 01SR,

77082914 Ap Cb Tc S. PIS3
770831041 Su
77083125 Ap Cb To SM
7T0926241 Ap Cb Tc Su Sm KA Nm VrSR
77081903 Ap Cb To S. Km Nm pSR
7708:1903 Km No S. mR
77081903. Ka N. Sm Su PIS"~
77081903 Su pSi
77082914 Su pISRII
770829114 Ap Cb To S. pISR12

*Resistance markers transferred with selection of a single drug
marker. Nomenclature used (Novick et al. 1976 Dact. Rev.
40:168): Ap = mpicllin, Cb x Carbeiilin, Km a KnmI.
Vs- a Neomycin, 3S x tretoyoin., 3u a svronimid*s an TO
Tetracyclines.



Table 2. Antibiotic Sensitivity Patterns of Providencia
starti isolated from burn patients between

1 Oct 1980 and 30 Sep 1981.

PERCENT STRAINS

SENSITIVE TESTED

Aminoglycosides:

Amikaoin 78.5 79
Tobramycin 1.0 80
Gentauiyoin 0 80
Kanamyoin 0 80
Neomycin 27.5 80

Streptomycin 0 80

Penicillins: Imi i l n0s

Carbenicillin 5 80
Ticarcillin 3.8 s0
Piperacillin 10. 80
Iezlocillin 57.1 35

Cephalosporins:

Moxalactam 98.8 s0
Cefotaxime 95.7 4
Cetuenoxime 97.0 66
Cefaulodin 1. 80
Cefoperazone 100. 22

Other Classes:

Polymyxin B 0 80
Colistin 0 80
Chioramphenicol 0 80
Tetracycline 0 80
Sulfonamides 0'80
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Table 3. Antibiotic Resistance Markers' Transfered From
Providencia stuartii to E. coli strain C-601

SELECTIVE PHENOTYPE TRANSFER
MEDIA TRANSFERRED FREQUENCY

Cm(25uig/ml) + Mal (100pg/mi) Ap C'b Cm. Gom Km Hg Su Tom 4.5 x 10-5

Gm(25pg/ml) + Mal (10Oiug/ml) Ap Cb Cm Om Km Hg Su Tm 1.8 x 10-5

KU(5Oiag/ml) + Hal (lO0iag/ml) Ap Cb Cm Om Km Hg Su.Tm 2.3 x 10-5

Su(2Opg/ml) + Nal (lO0ug/ml) None Transfered

PB(25uzg/ml) +. Mal (lO0iig/ml) None Transfered---

Su(5oiig/.l) + Hal (10Omg/ml) Ap Cb Cm Gm Km Hg Su Tm 9 x 10-5

Antibioti6 Code: Ap u Amploillin
Cb a Carbenicillin
Cm z Chiorampheniool
Om a Gentamycin
Km x Kanauyoin
Hg 2 mercury

Mal n Naladixic &aid
PB x Polymyxin B
Sm a Streptomyoin
Su a Sultadiazine aSulfonamides
Tm * Tobramyoin
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23. (1.) To develop a profile of plasma/urine constituents which ac-
curately reflect the severity of the thermal trauma, the presence of
infection, and the healing process so as to allow objective assessment
of the efficacy of therapeutic measures and to further elucidate the
pathophysiology of thermal injury with the ultimate goal of lessening
morbidity and mortality due to severe thermal trauma as well as hasten-
ing convalescence of soldiers who have been burned.

24. (U) Animal and clinical studies will be run concomitantly when
feasible. Animal studies, which can be rigorously controlled, will be
used to test hypotheses and to expand upon the findings from patient
studies. The rat burn model developed by Walker and Mason, suitably
modified, will be the primary animal model employed. Initial patient
studies will focus on patients who according to age and burn size, are
deemed to have a 40O-60% chance of survival.

25. (U) 8010 - 8109. Of the three factors found in perchioric acid
filtrates of whole blood from burned-infected rats, two (the 398 nm
absorbance factor and the 355/1420 nm fluorescence factor) respond
predominantly to the presence of infection and are little affected by
the extent of Injury. These factors not only indicate the presence but
also appear to reflect the severity of infection in that burned rats
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previously inoculated with an experimental vaccine which Protected 90
of the animals upon challenge with the parent strain of microorganisms
had significantly lover values for these indicators than did unvac-
ainated burned infected rats. These two factors require the presence
of both plasma and the cell fraction of blood to obtain maximal
response. In contrast the 280/3410 fluorescence factor responds
equally to infection and injury and plasma alone is sufficient to yield
a maximal response. This phase of the study is nov complete.
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ABSTRACT

PROJECT NO. 3A1611OIA910-00, IN-HOUSE INDEPENDENT LABORATORY RESEARCH

REPORT TITLE: MONITORING AND MODIFICATIONS OF THE METABOLIC AND
PHYSIOLOGIC ALTERATIONS ASSOCIATED WITH THERMAL INJURY
IN BURNED SOLDIERS

US Army Institute of Surgical Research, Brooke Army Medical Center, Fort
Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September 1981

Investigators: Michael C. Powanda, Ph.D., Lieutenant Colonel, MC
John Dubois, B.S.
Ysidro Villarreal, B.S.

Reports Control Symbol MEDDH-288(Rl)

Three factors can be detected in perchloric acid filtrates of whole
blood taken from burned-infected rats. One of these factors has a maximal
absorbance at 398 n; the other two factors fluoresce, one at 340 am (ex-
citation 280 nm), the second at 420 nm (excitation 355 nm). The 398 nm and
the 355/420 factors respond primarily to the presence of infection and are
only affected by the extent of injury during the first 48 hours postinjury.
These factors not only indicate the presence but also appear to reflect the
severity of infection. Burned-Pseudomonas-infected rats which had previ-
ously been inoculated with an experimental, ribosomal, strain-specific vac-
cine which protects > 90% of such animals against death had significantly
lower values for both of these indicators than did unvaccinated burned-
infected rats, all of which would die within 7-8 days. In contrast the
values of these indicators in burned-infected rats which were treated with
Imne serum which increases survival time but does not lessen mortality
were not different from those of untreated-infected animals. The 398 nm
and 355/420 factors require the presence of plasma and cells for their
generation. It appears that complement is not involved in the generation
of the biochemical indicators and that the cells required are the erythro-
cytes. The plasma must come from burned-infected animals, the cells may
come from unburned, uninfected animals, thus allowing for the possibility
of retrospectively analyzing stored plasma samples for the presence of
these indicators. The 280/340 factor responds equally well to infection
and injury and plasma alone is sufficient to yield maximal response. This
factor appears to be a good indicator of the presence of inflamation, ir-
respective of etiology. Preliminary studies suggest that all these factors
are proteinaceous and have molecular weights n the 25,000-75,000 dalton
range. A clinical evaluation of the applicability of these indicators to
burn patient care is under way.

Thermal injury Indices of infection
Infection Plasma
Rats Cells
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MONITORING AND MODIFICATIONS OF THE METABOLIC AND PHYSIOLOGIC ALTEATIONS
ASSOCIATED WITH THERMAL INJURY IN BURNED SOLDIERS

INTROIDUCTION

The treatment of severe thermal trauma is very often complicated by
infection which occurs readily in such patients. The loss of the skin
barrier and the extensive metabolic and physiologic alterations in burn
patients renders detection of infection more difficult and may allow colo-
nization to be mistaken for infection. Three factors have been found in
perchloric acid filtrates of whole blood taken from burned-infected rats,
two of which appear to be useful indicators of the presence of infection
and the third a measure of the presence of Inflammation, irrespective of
etiology (1,2). The following presents the data that the 398 nm absorb-
ance factor and the A 1 355, Aem 420 fluorescence factor not only denote
the presence of infection, but also reflect the severity of infection.
Included is the evidence that these two factors require both plasma and
cells for their generation as well as the attempts to ascertain which
cell population is involved.

KMODS AND MATERIALS

Rats used in these studies were obtained either from Holtzman or from
Tinco. The standard burn model of Walker and Mason (3) was used, and burn
size varied as needed. Pseudomonas aerusinosa strain 12-4-4 was used to
infect the burned rats. Partial correlation and multivariate regression
was accomplished using the MDP biomedical computer programs.

RESULTS AND DISCUSSION

In order to assess the value of the newly discovered biochemical in-
dicators of infection as compared to other chemical indices of infection
(4,5), the following study was carried out using fed and fasted rats.
Twenty-four and 48 percent total body surface burns were produced, and
one-half of each group of burned rats were inoculated wittn Pseudomonas.

1. Powanda NC, Dubois J, Villarreal Y, Walker HL, Pruitt BA Jr:
Detection of potential biochemical indicators of infection in the burned
rat. J Lab Clin Mod 97:672-679, 1981.

2. Powanda NC, Dubois J, Villarreal Y, Walker RL, Pruitt BA Jr:
Indices of infection and/or inflammation in the burned end burned-infected
rat (Abstract). Fed Proc 40:919, 191.

3. Walker HL, Mason AD Jr: A standard animal burn. J Trauma 8:
1049-1051, 1968.

4. Powanda NC, Cockerell GL, Moe JB, Abel F, Pekarek 23,
Canonico PG: Induced metabolic sequelae of tularemia in the tett Corre-
lation with tissue damage. An J Physiol 229:479-483, 1975.

S. lerendt RF, Long CC, Abele F!, Camolico PC, glvll MR, Poanda
MC: Pathogenesis of respiratory Klebsiella gnsumonlag infecton in the
rat. Bacteriologic and histologic findings and metabolic alterations.
Infect Iemin 15:586-593, 1977.
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At 2 and 4 days, rats were killed and the blood analyzed for the biochomi-I cal indicators and the plasma for selected proteins. Figure 1 depicts the
results of these analyses. On day 2, injury caused an increase in all in-
dicators, save for albumin which decreased, while injury plus infection
produced even greater changes. By day 4, the only significant increase
in OD 398, )ex 355/ae 420 and 2-mcrofetoprotein were the result of in-
fection; there as little effect of injury. Seromucoid concentration as
well as Xez 280/Xeu 340 increased while albumLn decreased In reepnS to
injury alone, with somewhat greater changes due to injury plus infection.
Fasting did .not appreciably alter the extent of change in any of these
indicators of infection and/or inflamation.

Table 1 summarizes the correlations between alterations in the in-
dicators and burn size or the presence of infection. It is apparent
that injury is a major factor in changes in concentration of these indica-
tors on day 2, but on day 4, it is evident that the increases in c2-1scro-
fetoprotein, OD 398 and fluorescence 355/420 are primarily in response to
the presence of infection. This point is made clearer by Table 2, which
shows the significance levels for the regression coefficients in Table 1.

Table 1. Correlation of Dependent Variables with Burn Size
or Presence of Infection

Day2 Day 4
Burn Size Infection Burn Size Infection

Albumin -. 830 -. 586 -. 807 -. 540
Seromucoid .849 .655 .588 .844
q2-mcrofetoprotein .655 .592 .391 .723
OD 398 .621 .648 .304 .845
280/340 .793 .681 .493 .793
355/420 .689 .665 .334 ..867

Table 2. Significance Levels for Regression Coefficients

Albumin Seromucoid a 2 -MP OD 398 2801340 355/420

Day 2: Burn size .001 .001 .001 .001 .001 .001
Infection .001 .001 .001 .001 .001 .001

Day 4: Burn size .001 .001 .011 .070 .001 .4
InfectLn .001 .001 .001 .001 .001 001
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In order to assess whether the biochemical indicators of infection
reflected the severity as well as the presence of infection, groups of
rats were vaccinated or inoculated with immune serum and then challenged
with strain 12-4-4 Pseudomonas. Table 3 shows the effect of vaccination
with a strain-specific ribosomal vaccine on the generation of biochemical
indicators. The vaccine protects > 90% of the burned-infected rats against
death, while nonvaccinated burned-infected rats die between 7 and 10 days.
Vaccination reduces the response of the 398 and 355/420 factors on day 5
and entirely abolishes the 398 response by day 7, while reducing the 355/420
response to 50% of the nonvaccinated rats. The 280/340 is unaffected by
vaccination and seromucoid concentration only uIldly suppressed. In con-
trast, treatment with imune serum which only lengthens the time to death
but does not prevent it does not significantly inhibit the production of
the 398 and 355/420 factors (Table 4).

Table 3. Effect of Vaccination with a Strain-Specific Ribosomal Vaccine on
Generation of Biochemical Indicators

Day 5 Day 7
Fluorescence Sero- Fluorescence Sero-

OD 280/ 355/ mucoid OD 280/ 355/ mucoid
398 340 420 mg/dl 398 340 420 mg/dl

Control .147 602 40 518 .166 482 53 498
-.006 ±20 ±2 ±25 ±.015 ±31 ±5 ±24

Burned-infected .616 1367 229 1227 .493 1358 298 1102
±.050 ± 51 ±19 ± 96 ±.068 ±106 ±30 ±102

Burned-infected .499 1325 195 916 .191 1433 146 902
once vaccinated ±.109 ±105 ±41 ± 81 ±.010 ±147 I 1 ± 46
day -7

Burned-infected .334 1350 135 867 .164 1408 147 946
twice vaccinated ±.031 ± 76 ±11 ± 56 ±.030 ± 94 t24 t 78
days -7, -2

n - 6; mean ± SNI

Difficulties in stabilizing the perchloric acid filtrates of whole blood
led us to further investigate the localization of the biochemical Indica-
tors. Table 5 shows that the OD 398 factor exists neither In the pla ma
nor the cell fractions but only when plasma and cells are mixed togetber.
This is essentially true also for the 355/420 fluorescent factor. I am-
treat, the 280/340 fluorescent factor is found in plam but mot In ml,
and in fact the addition of cells appears to interfere with its detaela-
tion. Figure 2 displays the results of varying the coumetration of plasm
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in the presence or absence of a constant amount of cells. The appearance
of the OD 398 factor and the 355/420 fluorescent factor varies as a func-
tion of the amount of plasma present as long as cells are included. There
is little 398 nm material detectable in the absence of cells, but there

* appears to be some 355/420 fluorescence even in the absence of cells. This
* may be due to factors released from the Pseudomonas in the infected ani-

mals. The 280/340 factor also varies as a function of plasma concentra-
tion, but the presence of cells serves to interfere with its detection.

Table 4. Effect of Treatment of Animals with Imune Serum on the
Generation of Biochemical Indicators of Infection

Day 4 Day 7
OD Fluorescence OD Fluorescence
398 280/340 355/420 398 280/340 355/420

Control .110 617 38 .121 317 28
±.008 ±17 ±2 ±.013 ±60 ±1

Burned-infected .539 1667 169 .564 1367 177
±.013 + 76 ±12 ±.063 ±117 ±10

Burned-infected .561 1558 198 .503 1617 162
pre-immune serum ±.054 ± 84 ± 5 ±.045 ±106 ±11

Burned-infected .407 1375 133 .453 1633 150
immune serum ±.043 ± 76 ±14 ±.072 ±136 ±12

n - 6; mean ± SEM; sera given i.p. on day 0

Table 6 reaffirms the finding that plasma plus cells are required for
the generation of the 398 and 355/420 factors and indicates that heating
the plasma at 560 C for 30 minutes, which should inactivate complement,
does not prevent the formation of these two factors nor does it eliminate
the 280/340 factor. Furthermore, adding perchloric acid to the plasma and
cells separately and then mixing the two together still allows for some
production of the 398 and 355/420 indicators.

Table 7 clearly demonstrates that it is the source of plasma, not of
cells, which is critical in the generation of the biochemical indicators.
Plasma from control or burned rats when mixed with cells from burned-
infected rats does not promote generation of indicators. However, plasma
from burned-infected rats when mixed with cells even from control rats pro-
duces the 398 and 355/420 factors. The possible advantage of this finding
is that retrospective analyses of stored plasma samples from animals (and,
one hopes, patients) suspected of having been infected can be carried out
using normal cells, perhaps even from a different species.
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Table 5. Localization of Biochemical Indicators

Group
Indicator Sample Control Burned Burned-Infected

Absorbance Whole blood .096 ± .002 .123 1 .012 .617 ± .137
398 nu Plasma 0 0 .012 ± .003

Cells .074 ± .019 .053 1 .010 .050 ± .012
Plasma + cells .060 ± .005 .047 ± .010 .324 t .045

Fluorescence Whole blood 395 ± 48 453 ± 21 1325 ± 65
280/340 Plasma 1288 + 75 1233 ± 29 3950 ± 129

Cells 127 ±25 103 ± 6 206 ± 118
Plasma + cells 670 - 53 613 ± 32 1588 ± 103

Fluorescence Whole blood 21 ± 3 28 ± 2 143 ± 18
355/420 Plasma 8 1 10 ± 5 28 f 5

Cells 8 ±1 8 ± 2 10 t 2
Plasma + cells 56 6 56 ± 6 90 ± 6

n 4; mean ± SD

Table 6. Effect of Cellular Elements of Blood on Generation of
Biochemical Indicators of Infection

Fluorescence Fluorescence
OD 398 280/340 355/420

Whole blood .306 ± .043 1198 ± 113 102 ± 19
Plasma + saline .008 ± .003 2980 ± 191 25 1 1
Plasma + cells .199 t .013 1706 ± 113 101 ± 15
Saline + cells .025 t .000 115 ± 12 13 1 2
560 C plasm + cells .216 ± .027 1680 ± 115 80 * 14
PCAplasm + PC cells .124 t .015 1780 171 57 * 5

n- 5; meen S31

Ficoll- ypaque gradients were employed to ascertain hat population
of calls were requiLsite for the gamertlonJ of the 398 ftd 3551420 faiters.

It would appear that the erythrocyte fraction (whLch alse stains s . .-
cytes in this preparation) is the required fraction (Tabla 6). 6S
that the granulocytes may not be the responsible cells 16. in

3ENO



Table 7. Generation of Biochemical Indicators Dependent on Source of
Plasma, Not of Cells

Fluorescence Fluorescence
OD 398 280/340 355/420

Plasma control
+ cells burned-infected .047 ± .003 773 ± 40 28 ± 3

Plasma burned
+ cells burned-infected .039 ± .006 720 ± 15 28 ± 3

Plasma burned-infected
+ cells burned-infected .234 ± .027 2400 ± 177 111 ± 4

Plasm burned-infected
+ cells control .255 ± .019 2338 ± 197 114 ± 11

Plasma burned-infected
+ cells burned .239 ± .011 2375 ± 109 125 ± 11

n - 4; mean ± SER

Table 8. Ficoll Gradient Separation of Cells Responsible for
Generation of Biochemical Indicators of Infection

Fluorescence Fluorescence
OD 398 280/340 355/420

Plasma + saline .039 ± .006 3112 ± 123 46 ± 3

Plasma + calls .199 ± .023 1838 ± 131 116 ± 4

Plasma + supernatant .011 ± .003 1200 ± 20 37 ± 2

Plasm + lymphocyte/
monocyte band .036 ± .010 52 ± 2 49 ± 4

Plasma + RBC pellet .338 ± .014 35 ± 14 108 ± 3

n 4; men ±S
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Table 9, which indicates that plasma plus cells washed so as to remove the
buffy coat are as effective, perhaps even more so, in promoting the forma-
tion of 398 and 355/420 factors. Additional studies need to be perforad
to purify and identify the substances in plasma and the moiety from cells
which give rise to these biochemical indicators of infection.

Preliminary investigations indicate that when burned-infected plasma
is treated with the proteolytic enzymes trypsin and pronse, the biochemi-
cal indicators are suppressed, leading one to believe that they are pro-
teinaceous in nature.

Table 9. Buffy Coat Not Required for Generation
of Biochemical Indicators

Fluorescence Fluorescence
OD 398 280/340 355/420

Whole blood .548 1 .024 1163 1 47 201 ± 12

Plasma + saline .112 ± .022 3900 ± 71 78 ± 1

Plasma + cells with
buffy coat .324 1 .017 2138 ± 63 140 t 5

Plasma + cells without
buffy coat .432 1 .012 1888 ± 66 201 ± 10

n " 4; mean SI

PRESITATIONS

Powanda MC: Partial characterization of biochemical indicators of
infection in the burned rat. Seventeenth National Raticuloendothelial
Society Meeting, Tampa, Florida, 4 December 1980.

Povanda KC: Indices of infection end/or inflamation in the burned
end burned-infected rat. Sixty-fifth Annual Meeting, Federation of Ameri-
can Societies for Experimental Biology, Atlanta, Georgia, 15 April 1981.

Powanda NC: The role of leukocyte endogenous madiator (endogamous
pyrogen) in Inflammation. Symposium: The Roles of Copper and Other ga-
sential Metals in Inflamatory Diseases, College of Pharmacy, Umversity
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03. (U) To assess metabolic clearance rate and production rate af
hyroxine (TAI), triiodothyronine (T3) in burned soldiers.

!4. (U) Six burn patients gL4tocnr~jnburned subjects were given
in I.V. bolus at tracer T4 ("I) and T~ ( 2I) with radioactive labels
or single compartmental kinetic analysis.

!5. (Ui) 8010 - 8109. The results to date are reported for fiscal
979-1980, and no further results have been obtained. However, we
inticipate continuing these studies, utilizing an infusion technique
hat may obviate the need to use radioactive tracers.
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Treatment of severe thermal injury is often seriously complicated by
infection or coma, and low circulating levels of thyroid hormones have been
associated with a predisposition to both in other kinds of patients. The
mechanism by which burn njury produces low serum thyroid hormones (T 3and T ) in burn patients may provide a better understanding of this low T
syndr me. We are studying these hormones in order to determine if diminshed
production or accelerated disposal may account for the often profoundly
low serum triiodothyronine (T3 ) concentration seen in burn patients.

Thyroid hormone kinetics were assessed in six patients 18 to 45
years old and burned over 50% body surface and in two normal control
subjects. Following bolus injection of isotopically labelled T3 (1251) and
T (1311), the disappearance from serum of labelled hormone was followed
o47er the next six days. A single compartmental model was used for
analysis.

The half-life of T was reduced to 2.2 days in burn patients from
4.8 days in controls. These data describe a high flow state for T
which has not been previously observed in any other non-thyroidal
critical illness. The half-life of T was reduced to 0.52 day after burns,
as compared to 0.91 day in control. A profound block of T to T
conversion is apparent in burn patients, in that in spite of a threfold
elevated clearance of T and slightly elevated T clearance and T
production, production of T was half that in coAtrols. These datd
are supportive of our earlie observation of a profound T depletion
state in critically ill burn patients due to decreased prodActlon and
possibly accelerated clearance.

Thyroxine Trilodothyronine
U Kinetics Burn patients
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We plan to utilize a continuous Infusion technique and Include
more controls, so that a more accurate estimation of the kinetics canbe made. Measurement of reverse T will be -included, because other
studies have Indicated that it is marl'edly elevated In dying patients.
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23. (U) The quan,6ity of circulati~ng mast cell mediators released
during the early postburn period in the rat will be determined. The
effect of such quantities of mediators on the immune response will be
evaluated. This data will assist in formulation of pharmacologic ap-
proaches to modulation of edema and altered host defenses in the burned
and Injured soldier.
241. (U) Rats will sustain thirty percent TBSA burns of either partial
or full thickness depth. Sampling of blood via a subolavian catheter
in the rat will be performed during the early post burn period. A
radioenzymatio assay of histamine will be introduced to this laboratory
to allow measurement of nanogram amounts of histamine in cirulating
blood. Additional mast cell mediators such as ohemotactic factors will
be measured by established methods and activated enzymes will be
assayed by chromatographic separation of tritiated-DFP labeled material.,
25. (U) 8010 - 8109. Preliminary work indicates that a significant
elevation of histamine occurs within one minute and five minutes after
a 30% TOSA burn in the rat. This elevation persists to the end of the
forty-five minute period studied. In contrast to initial experiments
performed by the infusion of the selective mast cell activator, oog-
pound 48/80, where large amounts of histamine were released and

peripheral neutrophil counts were depressed, significant leukooyte
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changes have not been noted in the rat during the early post burn
period. The present data suggest that the amount of histamine
released during and after burn may be sufficient to modulate the
immune response.
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The quantity of histamine in the plasma of rats has been
determined before and after thermal Injury. Blood samples have
been obtained through central venous cannulae which allows sequen-
tial sampling without perturbing the rat. These studies Indicate
that normal rat plasma histamine levels are lower than previously
reported. Plasma histamine Increases in proportion to extent of
surface area burned and the kinetics of histamine appearance In the
circulation differ between partial and full thickness Injury.
Evidence Is presented to suggest that the kinetics of burn wound
fluid accumulation differ between partial and full thickness injury.
Mast cell mediators in addition may contribute to the accumulation
of neutrophils In partial thickness burned skin.

Rat Model Histamine
Burn Injury Mediators
Mast Cells Leukocytes

36o



THE RELEASE OF MAST CELL MEDIATORS IN
THE THERMALLY tNJURED RAT

The mast cell with its array of chemical mediators has been
held to regulate the tissue m~croenvironment (1). The isolation and
characterization of multiple nst cell mediators, primarliy from the
rat peritoneal mast cell, has led to the concept of the mast cell
being in part responsible for capillary dilatation and "leak',
polymorphonuclear and eosInoph|l migration and deactivation, comple-
ment activation and modulation, platelet activation and anticoagula-
tion. When the stimulus to mast cell activation Is minimal, several
processes act to limit the extent of mediator activity, such as
hormonal regulation of cellular activation and the destruction of
the mediators in the local envtronment. However when injury is
extensive it has been suggested that mast cell mediators play a
significant role in both the local and systemic response (2).

Previous reports suggest that mast cell release occurs after
thermal injury based on measurement of plasma histamine. In these
studies normal rat plasma histamine levels have been found to be 20
to 40 times that reported in human studies (3,4). In addition,
standardized methods have not been applied to Insure reproducible
extent of injury with regard to depth and surface area Injured.
Initial investigation of mast cell mediator release in thermal
injury has therefore been directed toward developing a standardized
approach to measurement of mast cell mediators In a reproducible
burn injury model. This report outlines the methods and results of
study of plasma histamine after partial and full thickness Injury In
the rat. Evidence is presented to suggest that the mast cell may
not Influence the formation of edema In t:!e burn wound although
preliminary reports suggest that It regulates the Ingress of poly-
morphonuclear leukocytes in the post injury period.

1. Austen KF: Hopeostasis of effector systems which can
also be recruited for Immunologic reactions. J tImmunol 121:793,
1978.

2. Yurt RW: Role of mast cells in trauma. In Dineen p (9d:
The Surgical Wound. Philadelphi.,: Lea and Febiger, In press.

3. Beaven MA and Horakova Z: The enzymatic Isotopic assay of
histamine. Handbook of Exp Pharmacology 18:151, 1978.

4. Horakova Z and Beaven MA: Time course of htstamine
release and edema formation In the rat paw after thermal Injury.
Eur J Pharmacology 27:305, 1974.
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METHODS AND MATERIALS

Male Sprague-Dawley rats (300-3509) were used In all experl-
ments. In experiments requiring sequential blood sampling, the rats
were cannulated according to the method of Harms and Ojeda (5) on
the day prior to the study. Each rat was anesthetized with 0.1 ml
Innovar by I.M. Injection and Silastic brand silicone medical-grade
tubing (0.05 cm ID, 0.09 cm OD) was passed from the external jugular
vein into the superior vena cava. The proximal portion of the
catheter was tunneled through the subcutaneous tissue and brought
out a stab incision in the posterior aspect of the neck. The catheter
was irrigated with saline and sealed between uses. One hundred to
250 microliter blood samples were drawn Into 3.8% sodium citrate in
a ratio of 10 to 1, respectively. The whole blood was placed in
polypropylene tubes on Ice and the plasma isolateg by centrifugation
at 1400 x g for 15 minutes and stored at minus 70 C in polypropylene
tubes.

Rats were anesthetized with 25 mg/kg sodium pentobarbital and
thermal injury was induced by the method of Walker-Mason in which
the desired percentage burn was obtained by placing the rat in a
mould such that a defined area of surface could be exposed to 950
water. Partial thickness injury was obtained by a two and one-half
second exposure of the dorsal skin. Full thickness injuries occurred
after 10 seconds of exposure of dorsal or two second exposure of
ventral skin. Depth of injury was determined by histologic evalu-
ation or clinical observation of the wound at two to three weeks
post injury. Histologic evaluation of depth of Injury was performed
on hemotoxylln-eosin stained slides and Giemsa stained slides were
evaluated for numbers of mast cells and polymorphonuclear cells.
For evaluation of cellular response to Injury, ten adjacent high
power fields just above the skin - panniculus carnosus junction were
evaluated for number of vessels, degranulated and normal mast cells,
and polymorphonuclear leukocytes.

Skin water content was evaluated by Immediately weighing
tissue biopsies Saken to the level of the fascia. Biopsies were
then dried at 70 C until stable dry weights were obtained. Percent
tissue water was calculated from the recorded wet and dry weights of
the tissues. Histamine was measured by a radloenzymatic assay using
histamine methyltransferase extracted from rat kidney (6).

5. Harms PG and Ojeda JR: A rapid and simple procedure for
chronic cannulation of the rat jugular vein. J Appl Physiol 36:391,
1974.

6. Shaff RE and Beaven RE: Increased sensitivity of the
enzymatic isotopic assay of histamine: Measurement of histamine In
plasma and serum. Anal Blochem 94:645, 1979.
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Data are expressed as means + standard error of the mean.

RESULTS

Rat plasma histamine before and after sham Injury. Sham injured

rats gere handled the same as burn Injured rats except for exposure

to 95 C water. The combined data on the plasma of 55 rats studied at

various times Indicate that hfter anesthesia plasma histamine is 6.60

+ 0.40 ng/ml and that manipulation alone causes an early increase in

plasma histamine to 22.75 + 5.41 ng/ml at I minute after sham injury.

Histamine levels drop to 1T.54 + 2.07 ng/ml by 2 minutes post sham

and approximate presham levels gy 5 minutes (Table 1). Sham injured

rats who in addition received a 30 cc I.P. saline Injection were
found to have similar changes in plasma histamine.

Kinetics of systemic histamine release In 30% total body

surface area full thickness burn. In rats studied from 0 to 45

minutes post burn, plasma histamine levels rose from 10.27 + 1.90 at

the 0 time to 88.01 + 25.23 nanograms of histamine per ml at 30

minutes post burn (FTgure I). The sham injured animals had plasma

histamine levels of 5.79 + .65 at the 0 time point to a maximum of

8.76 + 1.06 at the 45 minute time period. Clinical and histologic

evaluation at 18 days post injury confirmed the injury as full

thickness.

An additional study to evaluate the immediate post injury
response showed that histamine was elevated to 37.4 + 8.05 ng/ml

(n-5) as early as 5 minutes post Injury. Therefore, histamine levels

were determined at 1, 2, 5 and 10 minutes post injury In a third

experiment. Both sham and injured rats had elevated plasma histamine

at I minute and both decreased at 2 and 5 minutes, however a second

rise, consistent with previous findings, was noted at 10 minutes post

burn that was not seen In the sham group (Figure 2). Clinical

evaluation at 14 days post Injury confirmed the full thickness nature

of the burns.

Plasma histamine in partial thickness burn. in three rats

sustaining partial thickness Injury, plasma tklstamine levels ranged

from 6.95 + .43 at the 0 time point to a maximum of 18.6 + 3.89 at 2

hours post-injury. A gradual decrease In histamIne leveli occurred

over the following two hour t!me period studied. Three sham burned

rats had plasma histamine level* that were not significantly differ-

ent from the burn Injured rats (Figure 3). Histologic evaluation of

biopsies taken 4 hours after injury conftrmed that the burns were

partial thickness. To further study the immediate response to burn

injury In the partial thickness model, three groups of five rats
each were studied. Two groups of rats sustained partial thickness
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Injury; In one group samples were obtained at 0, 1, 2, 5 and 10
minutes and In the additional burn group samples were-obtained at 0,
2, 5, 10 and 15 minutes.. The third.group consisted of sham Injured
rats. Figure 4 shows that the sham burned rats had histamine levels
ranging from 6.71 + 1.37 at 0 time to 9.20.+ 3.38 nanograms per ml
at 2 minutes. Peat levels of htstamine occurred In the injured rats
at I minute post Injury with a mean of 49.88 + 6.07 nan Qgrams per
ml. Histamine levels in the injured animals returned to levels
twice normal at 15 minutes post Injury.

To further evaluate the relationship between the extent of
injury and histamine release, plasma histamine was measured after
sham or 60% total body surface area partial thickness injury. Peak
levels of histamine were seen to occur between one and two minutes
post injury with a maximum of 81.03 nanograms per ml occurring at
two minutes post burn. A smaller peak was noted In the sham group
also occurring between one and two minutes with a mean of 19.28 +
1.96 nanograms per ml occurring at one minute as compared to 0 time
levels of 5.84 + 1.72 nanograms per ml (Figure 5). Clinical evalu-
ation at two and one-half weeks post injury showed that rats sustain-
ed a mean of 17.8 + 1.11 percent full thickness and 42.2 percent
partial thickness burns.

Plasma histamine lefels after 30% total body surface area
deep full thickness burn. Since there appeared to be a difference
in the time-related increase in plasma histamine between partial and
full thickness Injury, systemic levels of histamine were determined
between 5 and 45 minutes after deep full thickness burn. Preliminary
experiments i8dicated that 12 second exposure of the dorsal surface
of rats to 95 C water resulted In a deep burn including superficial
portions of the panniculus carnosus. in the five rats sustaining
deep Injury under these conditions, the time course and quantity of
histamine In the plasma (Figure 6) was not different from the more
superficial full thickness injury. Sham injured animals had hista-
mine levels between 3.06 + 1.09 and 5.67 + 1.56 nanograms per mi.

Kinetics of edema formation In 30% total body surface areaparti'aand full thicknelik.bu'rn Injury. 'To evaluate the ti~me
related developmnt of *demo In the early post burn.period, 2 rats

were sham burned and 8 sustained 30% SA full th(ckness burns. Each
of two rats were biopsled twice at 0 time (sham) or at 15, 30, 60
and 120 minutes. Unburned tissue contained 67% water and burned
tissue rapidly increased in water content to 71% at 30 mInutes post
burn. This amount Qf water appeared to remain cons(stent over the
subsequent 90 minute period studied.

In an additional study post Injury water content of tissue was
evaluated at an additional earlier tim, point of flve ml-nutes In

.4 368
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Fig. 5. Plasma histamine before and after 60% TOSA sham or burn
Injury.
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rats sustaining sham, partial thickness, or full thickness burn
injury (Figure 7). in both partial and full thickness injury

tissue water rapidly Increased and reached approximately the same
levels by 10 to 20 minutes post Injury; however more rapid accumu-
lation of water appeared to occur In the full thickness injury by
the five minute time period. There was no statistical difference in

skin water between 20 and 45 minutes.

Effects of mast cell 'depletion on edema formation, histamine
release, and neutrophil margttation and infiltration. To determine
the effect of mast cell depletion, four rats were treated with
Polymyxin B and four with saline prior to injury. Half of each

group was then either sham burned or burned and plasma histamine was
determined at 0, 5, 15 and 30 minutes post injury. Biopsies were
taken one hour post injury and percent skin water determined on the
basis of two biopsies per rat. In addition, biopsies were taken for
histologic evaluation. Sham burned rats (Table 2) had low levels of
plasma histamine at all time points; however Polymyxin B pretreated
rats had somewhat higher plasma histamine. Polymyxin B pretreated
burned rats had slight elevations of histamine at 5 minutes post
injury hcwever not to the extent seen in the saline pretreated rats
that had levels of 33.01 nanograms per ml at 30 minutes post injury.
The percentage of water in the skin biopsies was not different
between the saline and Polymyxin pretreated sham injured rats nor
was it different between rats pretreated with saline or Polymyxin B

prior to burn. There was a substantial decrease in numbers of mast
cells in Polymyxin B p, t.eated sham and burn Injured animals. In
saline pretreated anint. i the burned tissue contained 5.32% degranu-
lated mast cells whereas burned tissue contained 20.09% degranulated
cells. Percent degranulation of Polymyxin B treated animals is
based on very few mast cells in the total sample. Accumulation of
neutrophils in the tissue biopsies revealed a higher number of

neutrophils per vessel in the saline pretreated burned rat as compared

to others; however the groups were too small to show statistical
difference. Since full thickness injury appeared to cause impairment
of blood flow to the skin, the effects of mast cell depletion were
then studied in partial thickness injury. Table 3 shows the findings

at 4 hours post injury in rats pretreated with saline followed by
sham or burn injury and in an additional group of Polymyxin B
pretreated animals who sustained 30% total body surface burn. Burn
Injury led to increased percent water In the tissue at four hours
however there was no difference between saline and Nlymynin B
pretreatment of burns with.regard to tissue water content. There

was a striking difference between the number of neutrophils infiltra-
ting the wound when saline pretreated burn rats are compared to
saline pretreatment with sham injury or to Polymyxin R pretreatment

with burn injury. The effectiveness of Polymyxln B pretreatment In
depletion of mast cells was again seen where only 0.09 cells per
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vessel were found In the Polymyxin S pretreated an eels as compared
1.57 and 1.53 most calls per vessel In saline pritreated burn owl
sham animals respectively. A1 la rger number of mist "Ills were seo"
to be degranulated In the saline pretreated burned animal s compered
to the sham animal. In an additional study -if the iffcts of
Polymyxin B pretreatment In which .11 rats sustatnel MI ISA partial
thickness burns, 5 rats were pretreated with saline end five rats
pretreated with Polymyxin B (Table 4i). There oppetid to be no
difference In percent tissue water between the groutis at four hours;
however there 'again were less neutrophils pair vessel In the Polvpyxln
B pretreate -d rats. The mast cells appeared to be depleted although
not to the same extent as In the previous ex~periment.

DISCUSSION

Rat plasma histamine levels have been found to be higher than
those reported for human% (6). However In the absence of traumatic
blood sampling, levels reported here are one-half (3) to one-eighth
(4) of those previously reported In rats. tn addition the use of
indwelling cathet~ers has allowed for evaluaion of nagram changes
in plasma histamine level that can be attributed to bu~rn Injury.
Thirty percent total body surface area full thickness burns lead to
rapid Increases In histamine occurring as early as one minute post
Injury. After a transient decrease, these levels continue to rise
and appear to plateau at levels of six to eight tims normal at the
latest time period studied of 45 minutese In catrost partial
thickness Injury whether It be 30% or,6Ot leads to acute changs
that are proportional to surface area butned but do not lead to the
secondary sustained elevation as Sean In full thickness Injury.

Edema formation appears to occur "uIte' rapidly In both partial
and full thickness burns and temporally ts related to early systemic
Increases In histamine. On the other hobd. evidanen has been pre-
sented that histologically cgnfirme depletion of mit cells by
Polymyxin 9 does& not Influente *ed formaetion as alsuled at one
and four hours post burn. ,it is of I1tetest to Oat that there
appears to be a difference iq *the rapidity of edom folmmatln at the
earlilest time studied of f ive aloutes wit atiialN Vhi.knes injury
lagging behind full thlckrosa, Sec findings may liresent a 111 o-portion between f luid inf lux JntoL and afthlfr to Mmos. NIl
thickness Injury with "frly apd pweui'dtitmnof blood fiow
and Increased osmolarity doe to tt oaat Otfutiasloeds to trempiop
of fluid; and therefore me rapid occumblation qf fluid mhoreils
partial thickness tajury my permi aWi Iet :3? sIfla sbt
directions resultIn4 In *lowr fild ac~eoalti._T ole ef
histamine release day merely reflect thik
sive nature of the Pull thlcns n~~y'e.tog r~ua
cellI madiators may beo littl feton frahan h



+I+

5i i
~0 - C*C

L.;

+9 14.

#I. i

U% c

I-f

4.'0

37



prellmInary studies suggest that the fml eI1 a npr eit
* the acute polymorphonucloor Ieukocy*~ vopis to burn injury.
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~a ~)TOariepathologic alterations in eell1ular "fmunction 'Opro-
duced by thermal injury and to assess efficacy of treatment in reversing
the process in burned soldiers..
24I. (U) Initial studies will utilize the burned rat as a model for
human burns. Following specific interval of time, sampi of granula-
tion tissue from burned areas will be sampled for separation of its
subcellular components. Hitochondrial oxidative phosphorylation will
be assayed by appropriate techniques, oxygen uptake by polarographic
electrode, cytoohrome content and activity by the double beam dual
wave length spectrophotometry, and calcium transport by its reaction
to murexide. After these baseline data are obtained, the effects of
various resuscitation formulae in improving tissue perfusion will be
assessed by changes in cellular functions described above.
25 (U) 8010 - 6109. The mechanism of increased oxygen utilization
acoospanying the onset of postinjury hypermetabolism was studied in
liver sitoohondria obtained from control (C), partially starved (PS)gand 50% T9M burned (13) ruts (an established hypermetabolic animal
model, V02 ,f 30 to 40O%). Nitoohondrial oxygen utiliation (state 3)
inoreased significantly (n col1) in the injured animals: (C) 38.56
vs (PS) 39.75 vs (B) 50.36 -ioles Qt/min/rg rprotein. Oxidation was not
uncoupled from phosPhorylation. This augmented energy efficient oxygen
uptake by mitoohondria explains. in~ larg* masure the increased total bod
oxygen consumption associated with postinjury hypermatabolism. This

ag to the study is now complete.
NEEL.
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The mechanism of increased oxygen utilization accompanying the
onset of postinjury hypermetabolism in liver was studied in
mitochondria obtained from control, partially starved, and 50% total
body s9rface burned rats (an established hypermetabolic animal
model-VO2 30 to 40%+). Resting oxygen uptake (in the presence of
substrate, state 4), maximal oxygen uptake (following addition of ADP,
state 3), respiratory control ratios (RCR, and index of mitoohondrial
integrity) and phosphorylation rates were calculated. Mitoohondrial
oxygen utilization increased significantly in the injured animal and was
paralleled by an increase in phosphorylation of ADP to ATP. These
changes could not be explained by weight loss. Oxidation was not
uncoupled from phosphorylation. This augmented energy efficient oxygen
uptake and energy production of mitoohondria explains in part the
increased total body oxygen consumption associated with postinjury
hypermetabolism.

Oxidative phosphorylation
Coupling
Nitoohondria
Oxygen uptake
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MITOCHONDRIAL OXIDATIVE FUNCTION IN THE BURN WOUND
AND THE EFFECT OF RESUSCITATION IN BURNED SOLDIERS

The stress of large thermal injuries initiates alterations of body homeostasis
which are primarily catabolic in nature and which manifest as Increased
metabolic rate, erosion of body mass, loss of nitrogen In the urine, and abnor-
malities of carbohydrate metabolism. Following resuscitation, metabolic rate
rises and is accompanied by an increase in total body oxygen consumption.
which is proportional to the extent of injury. This Increase varies with time
postinjury and may reach levels exceeding twice that of uninjured patients
before declining in a curvilinear fashion as the underlying pathologic process
resolves (1-3). Total body blood flow (cardiac index) increases in parallel
with the rise in oxygen consumption, approaches a plateau which may exceed
2-3 times that of uninjured individuals, and declines as the patient recovers
(1,2). Regional blood flow to the viscera increases in a similar fashion,
although its fraction of the total flow remains unchanged or only slightly
increased (4). Similarly. viscera oxygen utilization increases proportionately,
thus maintaining an unchanged or slightly elevated fraction of total body
oxygen consumption. During the hypermetabolic phase of burn injury, the
liver is the most metabolically active organ, and this level of metabolic work
is reflected by its increased oxygen utilization. Oxygen utilization by the
liver at the subcellular level occurs predominantly in the mitochondria. To
assess any alterations of oxygen utilization induced by the hypermetabolic
response following thermal injury, mitochondrial function was assayed in a
hypermetabolic femoral injury animal model.

METHODS

Animal Preparation

Male Holzman rats (475 to 500 grams body weight) were placed in single
cages and allowed to acclimate for two weeks in a light tight environmental
room. During this stabilization, the rats were entrained to light on a 0600

1. Gump FE, Kinney JM: Energy balance and weight loss in burned
patients. Arch Surg 103: 442- 48, 1971

2. Gump FE, Price JB, Jr., Kinney JM: Blood flow and oxygen consumption
in patients with severe burns. Surg Gynecol Obstet 130: 23-8. 1970

3. Wilmore DW, Long JM. Mason AD, Jr., Skreen RW, Pruitt BA, Jr.:
Catecholamines: Mediator of the hypermetabolic response to thermal injury.
Ann Surg 180: 653-69, 1974

4. Wilmore DW, Goodwin CW, Aulick LH, Powanda MC, Mason AD. Jr.,
Pruitt BA, Jr.: Effect of injury and infection on visceral metabolism and
circulation. Ann Surg 192: 491-504, 1980
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RESULTS

Utilizing either succinate or glutamate plus malate, as substrates, mito-
chondrial oxygen uptake increased significantly in the Injured animl when
compared to control (Tables 1 and 2). However, partial starvation did not
affect mitochondrial oxygen utilization. The phosphorylation rate, the product
of ADP/O ratio and the state 3 oxygen utilization rate, also increased signifl-
cantly in the injured animals but not in the partially starved animals. There
were no differences among the respiratory control ratios of all three study
groups. The uninjured control animals continued to gain weight slowly over
the twelve day study period while the partially starved and injured animals
lost approximately 10 percent of their initial body weight over the twelve day
study interval.

DISCUSSION

Substrate entry into the mitochondrial electron transport chain and subsequent
energy production occurs at two primary sites. Reducing equivalents produced
by substrates typified by glutamate and malate enter the electron transport chain
by way of nicotinamide adenine dinucleotide (NAD). The other major entry site,
utilized by substrates typified by succinate, takes place at the flavin adenine
dinucleotide (FAD). Utilizing both sets of substrates in the above experiments,
increased mitochondrial oxygen utilization, and by inference, increased energy
production, occurred during the hypermetabolic phase of burn injury in the
experimental rat model. Mitochondrial oxygen utilization was unaffected by
weight loss alone but increased in parallel with ADP phosphorylation in the
injured animals. Since the respiratory control ratios, an index of efficiency of
oxygen utilization remained unchanged after injury and after starvation, there was
no evidence of an uncoupling effect induced by either of these physiological
stresses. Oxygen utilization remained efficient in the hypermetiabolic animal.
This significantly augmented energy efficient mitochondrial oxygen uptake in
burned animals correlates well with the increased total body oxygen consumption
characteristic of postinjury hypermetabolism. Total body oxygen uptake by this
hypermetabolic animal model typically increases 30-40% and this compares with
the approximately 30-40% increase in mitochondrial oxygen utilization. The
initial stimulus to this increased oxygen uptake and hypermetabolism remains
undefined, but a likely candidate is the circulating catecholamines or glucagon
known to be increased during the hypermetabolic phase of burn injury (3,8).

8. Harrison TS, Seaton JF, Feller I: Relationship of increased oxygen
consumption to catecholamine excretion in thermal burns. Ann Surg 165:
169-72, 1967

PUBLICATIONS/PRESENTATIONS - None
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Table 1. Mitochondrial Function: Glutamate and Malate as Substrate

PARTIALLY
CONTROL STARVED BURNED

Mean (S.-D. Mean (S.-D.) Mean (S.-D.

State 3 (nmoles 02 - min-1) 38.56 39.75 50. 38*
(mg protein) G~3. 14) G4L.37) G~2.52)

RCR (State 3/State 4) +6-64 +6.86 +7-03

(0.62) (-0.89) (-56)

f Phosphorylation rate
(nmoles ADP -mini1 110.0 110.9 1513.6*

(mg protein) (G5.41) (t13.3) (±10. 1)

Weight Change M% +4% -11% -12%

*control vs burn, p <.01 by ANOVA; n=10 in each group
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Table 2. Mltochoridrial Function: Succinate as Substrate

P ARTIALLY

CONTROL STARVED BURNED

Mean (S. D. Mean (S.-D.) Mean (S. D.)

State 3 (nmoles 0 2 mi - 1) 416.52 47.76 62.95'

(mg protein) (8.23) G- 3.75) (!10. 68)

RCR (State 3/State 4) ~5.30 + 5.33 5.17
(-0.93) G- 0.412) 0.72)

Phosphorylation Rate
(nmoles ADP mi-i) 82.35 +84.53 110. 16'

(mg protei[n) (U6.40) -. 6.23) (11. 47)

*Control vs burn. p <.01; n=12 for each treatment group
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metabolic response of adipose tissue to various hormonal alterations
associated with thermal injury. Changes in tissue lipid composition
and metabolic pathways are being investigated using gas chromatography-
mass spectroscopy.

25. (U) 8010 - 8109. The initial experiments have demonstrated a
significant decrease In the ability of epinephrine to stimulate the
breakdown of triglycerides in adipocytes from burne~d animals. This
response is not present on the first day post-burn, but is apparent
by the fifth day and continues unabated through the twentieth day,
which was the last experiment day. The basal rates of triglyceride
breakdown were not different between burned and unburned animals. With

As respect to lipid composition, techniques have been established and
confirmed for continuing this part of the investigation,
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To study the effects of severe burn Injury on lipid metabolism,
we compared rates of lipolysis In Isolated adipocytes obtained frcmn
control rats and from rats 1, 5, 10. 15 and 20 days-following a 60%
total body surface burn. Lipolysis was measured as glycerol- production
in basal and stimulated (10 OM epinephrine) conditions. Adipocyte
responsiveness to hormonal stimulation was determined to be the
difference between stimulated and basal lpolytic rates. Basal
glycerol production was Indistinguishable In cells from burne and
control rats. However, adipocytes from burned animals showed a
decrease In responsiveness to eplnephrine as early as the fifth
postburn day. This depressed response continued throughout the
20 days of the experiment. It is concludled that burn Injury results
in major alterations at the cellular level In adipose tissue. One of
these alterations Is decreased I lpolytic responsiveness to catecholamim
stimulation. This may be due to changes In either the CMell mibfne
or the Intracellular enzyme pathways In response te the hormonal
environment.

Adlpocytes
Glycerl
Epkwephrlne



THE ROLE OF LIPID METABOLISM IN BURN INJURY: ALTERATIONS IN
ADIPOCYTE RESPONSIVENESS 70 HORMMONAL STIMULATION

Severe injury -1* characterized in part a Wyme abolicondn,~e
which includes Increased mobilIzaton e bdyfi(t) Accompanying
this Increased mobilization of lipids arm Inrse seum fatty acids (3),
increased glycerol turnover (4), increasid cteeal*Ac rat fo 'Infusad
triglycerides; (5) and-depletion of bodoV fat stores (6, '7).

The mobilization of lipid Is primarily under hormonal control,
mainly circulating epinephrine, noreplnephrine. -insUlin andl glucagos.
During the hypermetabolic period, circulati-Ag cateche1imines are-
chronically elevated (6, 9, 10); whereas, Insulin and glucagon tond
toward normal after an early change'(11, 12, 13). Because of " sgteun
lipolytic effects of epinephrine,, it Is possible that the observed increase
in lipid breakdown may be directly related to th. cevueihiormonal levels.

1. Elwyn DH: -nutritional requirements of adult surgical patients.
Critical Care Medicine 8: 9-20, 1980.

2. Wilmore DW, and Aulick LH: Metabolic changes in burn
patients. Surg Clin of North Amer 58: 1173-1197, 1978.

3. Burke G, Carlson LA, and Liljedahl S-0: Lipid- metabolism and.
trauma. Ill. Plasma lipids and lipoproteins In burns. Acta Medica
Scand 1786:337-350, 1965.

4. Carpentier YA, Askanazi J. Elwyn DH, Jeevanandamn M, Gump, FE,
Hyman Al, Burr R, and Kinney JM: Effects of hypercaloric glucose infusion
on lipid metabolism in injury and sepais. J1 Trauma- 19: 649-654, 1979.

5. Wilmore DW, Moylan JA, Heimkamp GM, and Pruitt BA, Jr.:
Clinical evaluation of,& 10% intravenous fat emulsion for ,perenterai
nutrition in thermally Injured patients. Ann -Surg 176:383-513, 1973.>

6. Reiss E. Pearson E. and Ariz CP: ,The metabolic: respon~se,
to burns. J Clin Invest 35: 62-77, 1956..

7. Davies JWL, and Fell GS: Tissue catabolism, In patients: with
burns. Clinica Chimica Act&, 51:383-92, 1974.

6. Wilmore DW, Long JM, Mason AD, Jr., Shreen RWP and
Pruitt BA,, Jr.: Catecholamines: MediaWo of thethypermetabolICr
response to thermal Injury. Ann Surg 180: 653-669, 1974.

9. Aikawa N, Caulfield JB, Thomas RJS, and Burke JF: Postburn
hypermetabolism: Relation to evaporative heat loss and catecholamine
level. Surg Forum 26:74-76, 19.75.

10. Aprilie JR, Aikawa N., Bell TC, Bode HH, and Malamud DF:
Adenylate cyclase after burn Injury: Resistance to desensitization by
catecholamines. J Trauma 19:612-616, 1979.4

11. Wilmrore DW, Moylan JA, Pruitt BA. Jr.. Lindsey CA, Falo" GR.
and Unger RH: Hyperglucagonemia after burns. Lancet 1: 73-75, 1974,

12. Wilmore DW, Mason AD, Jr., and Pruitt BA, Jr.: Insulin
response to glucose In hypermetabol Ic burn patients. Ann Surg
183: 314-320, 1976.

13. Wachtel TL, Shuck JM, Schade D. Eaton PR, and Shuck LW:
Hyperglucagonemia and hepatic ketogeneis in burned swine.
J Trauma 18: 248-253, 1973.



In an earlier preliminary report, we showed that adilpocytesila d.
from the fat of burned animals appeared to be less responsive to w--
lipolytic effects of epinephrine than cells isolated from 9,ontrol anls
(14). In order to expand and confirmlthe preliminary itudy; a =1es ,
was completed In which glycerol production due o lpolysis was
measured in burned and control rats at specific Intervals pI st-injury..
This study reflects refinements in the technicill procedures ,and a
larger subject population.

MATERIALS AND METHODS

Male Holtzman rats weighing *850-500 grams were randqmly divided
Into two groups. One group was anesthetized (S mg/100 G sodum.
pentobarbftal), shaved and subjected to a 60% total body surface burn
by scalding (15). The other group was treated the same except for
the injury. All animals were housed individually in a 25 C room and
allowed free access to food and water.

Animals from both groups were selected randomly for sacrifice
on days 1, 5, 10, 15 and 20 post-injury. After a 17-hour fast, the
animals were decapitated and the epididymal fat pads removed and
placed in warm Krebs-Ringer bicarbonate buffer (KRB). After
trimming, the distal portions of the pads were minced and digested
with collagenase (Worthington, Lot 40K043, 3 mg/ml) in KRB containing
4% albumin fraction V (Sigma, Lot 80F07071). Buffer solutions were
equilibrated with 5%CO 2 -95%0 at all times during the experiment.
Adipocytes isolated by the diestion were freed from tissue matrix
by filtering through a 105 nylon mesh, washed three times and
suspended in a known volume of KRB-albumin.

Duplicate 5 ml aliquots of cell suspension were incubated at 370 C
with gentle shaking for 60 minutes. Epinephrine was present iii one'
pair of samples at a final concentration of 10-5 M. The second pair
contained no hormone and served as controls. At the conclusion ofthe
incubation period, the samples were added to 0.5 ml ,cold trichloroacetic
acid (TCA; 50% w/v). A third pair of samples was added to TCA
immediately upon dispensing to provide pre-incubaion values. AU
samples were filtered and the filtrates stored at -20 C until analysis.

The filtrates were analyzed for glycerol content by enzymatic
spectrophotometric assay after TCA extraction with diethyl ether-.
The difference between glycerol content at 60 minutes and that K. te zero
equall d glycerol production by nmoles/ml/h. These values were normalized
per 10 cells by counting under a microscope the number of cells in five
aliquots of cell suspension (5 Id) which had been fixed in,,2%osmIu
tetroxide (Degussa Corp.).

14. Strome DR,"Coodwin CW, and Mason AD, Jr.: The role of lipid
metabolism In burn Injury: I. The effect of epinephrine on aitpyte
function. USAISR Annual Research Progress RepOri, PY 1g0. 322-329.

15. Walker HL, and Mason AD, Jr.: A standard animal burn.
J Trauma 8: 109-1051, 1968.
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RESULTS

Table 1 present* giyceol production. With poatbn, Oav,* #Wd*
Increase in glycer~ol Pu 4 Jon du to epmiephr n-Wiu~~.~cvalue represents data collec~ted frw four anime Is'^ 4" rt~
glycerol production were not 4Sffrent In the burned and 4.OW'rd
groups. However, the resjiNmse of the adipocytes'to epinwprn
stimulation'was depressed with respect to controls as early as the
fifth day postburn In the burned animals and remained depressed:
for the duration of the experimental period. Control rats, on the
other hiand, showed a sustained level of response throImgthou #
20 days post-treatment. Althouigh there appeared to be a slghtly.
depressed response on day'1, this was not statistically importw,*t
(ANOVA).

TABLE 1.

GLYCEROL PRODUCTION (NMOLES/1O 6CELLS-II)

POSTBURN DAY 1 5 10 15, 20:

BASAL RATES
CONTROL X( 109 202 321- 166 -117

SE 154 109 132 86 187

BURN X-112 109 715 191 58
SE 441 102 120 88 223

STIMULATED
CONTROL X 957 1073 15S40 1478 126;3

SE 185 661 130 1160 20

BURN 1368 33S** 576** 41 1** -475*
SE 692 :227 78 147 352

DIFFERENCE
CONTROL X 8118 1561 12,19 1312 '1306

SE 207 566 175 397 326

B3URN 1409 230* Sol** 217** - 417**
SE 667 209 66 9 225

**p< 0. 01 bum yj control by ANOVA.



Figure 1 shows the changes in body weight observed in the two
groups of animals which were taken to 20 days. In all cases, the
burned animals lost body weight over the experimental course.
Animals which had been sham burned lost weight on the first day
after treatment and then gained weight at a rate similar to untreated
animals, resulting in an apparent lack of weight change. No attempt
was made to match experimental and control animals with respect to
weight or food intake. This would have required force-feeding the
burned animals or imposing partial starvation on the controls. Both

$interventions were deemed unnecessary at this level of investigation.

DISCUSSION

The role of fat in postburn hypermetabolism is still mostly undefined.
It is clear that the use of fat for oxidative energy is increased following
most injuries (1. 16), necessitating higher rates of mobilization of
free fatty acids from adipose tissue. This elevated lipolysis is
associated with, and likely linked to, the high levels of circulating
catecholamines which are evidenced by enhanced excretion rates
during the post-injury period (8, 10).

This postulated link between hypermetabolic lipolysis and
catecholamines in burn injury has received some attention. Aprille
et al (10) have shown that a-receptors in adipose tissue from burned
animals do not desensitize in terms of C-AMP production with either
multiple acute or chronic catecholamine exposures. They also found
that adenylate cyclase activity was increased equally in burned (20%),
sham-burned and normal rats upon initial exposure to isoproterenol.
It should be recognized that the conditions of incubation are extremely
important in measuring desensitization (17, 18) and that changes in
cyclic AMP are not directly translatable to changes in lipolysis (19).
However, the logical conclusion of the experiments of Aprille et al Is
that adipose tissue would maintain normal or elevated ability to
respond to lipolytic demands by catecholamines even after prolonged
exposure such as occurs In the postburn course.

16. Askanazi J, Carpentler YA, Elwyn DH, Nordenstrom J,
Jvevanandam M, Rosenbaum SH, Gump FE, and Kinney JM: Influence
of total parenteral nutrition on fuel utilization in Injury and sepsis.
Ann Surg 191:41-46, 1980.

17. Grundleger ML, and Bernstein RS: Sugmented Lipolysis In
rat tissue upon repeated exposure to epinephrine. Metabolism
28: 9119-M3, 1979.

18. Balkin MS, and Sonenberg 11t: Hermon-induced hamulogous
and tetrolegous desnsitizatlen In the rat adipocyte. Endocrinol
109:1176-1183, 1961.

19. Schlmmel RJ: Responses of adipose tismue to sequentll
Ilpolytic stimuill. Endocrinol 94:1372-1380, 1974.
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Our findings suggest quite the opposite, that is, the ability to
respond lipolytically to 10-SM epinephrine was actually depressed In
adipocytes from burned animals when compared to controls beginning
as early as the fifth postburn day. Possible explanations for the
apparent difference are burn size (60% vs 20% total body surface) and
environment.. It is known that hyperme-itabolism can be minimal In the
rat at moderate burn sizes when housed In a warm room and that
increased extent of burn is associated with increased hypermetabolism
(20). Alternatively, it is possible that the change in the lipolytic
pathways causing this response may be distal to the Involvement of
adenylate cyclase. In any case, the depression in hormonal
responsiveness in adipocytes from burned animals shows that significant
alterations have occurred at the cellular level in adipose tissue as a
result of burn injury.

The position which this response occupies in the Integrated
metabolic reaction to burn injury is not clear from Investigation in a
controlled and isolated system. Concerning the hormonal situation
in vivo, after one week, insulin and glucagon are back to, or near,
norma (11, 12), leaving only circulating epinephrine and
norepinephrine as primary lipolytic hormones. In terms of other
metabolic pathways, provision of excess glucose does not appear to
offset fat oxidation (1, 16) or triclyceride breakdown (4), and amino
acids seem to be mainly devoted to gluconeogenic pursuits (2). One
suggestion is that the rate of lipolysis in the burned animal Is actually
less than what would be observed If normal hormone responsiveness
persisted. This would help to reduce the rate at which fat stores are
depleted, prolonging substrate availability.

The immediate cause of this loss of hormone responsiveness is
not known; however, there are several possibilities which will be dealt
with in outline form below.

1. Collagenase treatment Is known to alter adipocyte function in
some cases (21). All cells were treated in the same manner. Therefore,
It is unlikely that digestion alone could cause the findings, unless the
cells are differentially altered by the treatment.

S2. Heindon DR Wilmore DW, and Mason AD, Jr.: Development
and analysis of j small animal model simulating the human postburn
hypermetabolic response. J Surg Resch 25: 3941-403, 1978.

21. Kono T, and Barnham FW: Insulin-like effects of trypsin on
fat cells. Localization of the metabolic steps and cellular sites affected
by the enzyme. J Biol Chem 24: 6204-6209, 1971.
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2. Incubation of isolated adipocytes can lead to buildup of
inhibitory metabolites such as adenosine (22, 23) and fatty acids (24)
in the incubation medium. The number of cells per ml of medium was
not different in the two groups and was kept below or at 100,000
cells per ml. This concentration has been shown to avoid such
inhibitory situations in normal animals (25). To produce our results,
the cells from burned animals would have to release more fatty acids
or adenosine per unit time. This possibility will be investigated in
the future.

3. There could be alterations in receptors (sensitivity, density)
or in receptor-hormone interactions which could cause such a loss of
responsiveness. Since the maintenance or loss of response to
catecholamines in adipocytes is variably reported during chronic
stimulation (17, 18) or cold stress (26), this also will need to be
examined.

4. Changes in cellular enzyme levels are certainly suspect in this
decreased lipolysis. Adenylate cyclase, phosphodiesterase, protein
kinase and hormone-sensitive lipase can all be altered in level of
activation or amount in ways which could theoretically result in
inhibition of lipolysis.

5. There is evidence of an alternate route of lipolytic activation
in adipocytes which is independent of the cyclic-AMP pathway (27, 28).
What involvement this may have, if any, is unknown.

22. Sengupta K, Long KJ, and Allen DO: Growth hormone
stimulation of lipolysis and cyclic-AMP levels in perifused fat cells.
J Pharmacol and Exper Therap 217:15-19, 1981.

23. Ohisalo JJ: Effects of adenosine on lipolysis in human
subcutaneous fat cells. J Clin Endocrinol Metab 52: 359-363, 1981.

24. Burns TW, Langley PE, Terry BE, and Robinson GA: The
role of free fatty acids in the regulation of lipolysis by human adipose
tissue cells. Metabolism 27:1755-1762, 1978.

25. Yu BP, Bertrand HA, and Masaro EJ: Nutrition-aging
influence of catecholamine-promoted lipolysis. Metabolism 29: 438-444,
1980.

26. Barney CC, Katovich MJ, Fregly MJ, and Tyler PE. Changes
in P-adrenergic responsiveness of rats during chronic cold exposure.
J Appi Physiol: Resp, Environ, Exer Physiol 49:923-929, 1980.

27. Wise LS, and Jungas RL: Evidence for a dual mechanism
of lipolysis activation by epinephrine in rat adipose tissue. J Blol
Chem 253:1624-2627, 1978.

28. Kissebah AH, Tulloch BR, Vydelingum N, Hope-Gill H,
Clarke P, and Fraser TR: The role of calcium in insulin action. II.
Effects of insulin and procaine hydrochloride on lipolysis. Horm
Metabolic Resch 6: 357-364, 1974.
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ABSTRACT

PROJECT NO. 3A161101A9lC-OO IN-HOUSE LABORATORY INDEPENDENT RESEARCH

REPORT TITLE: CHARACTERIZATION OF SKELETAL MUSCLE METABOLISM AFTER
THERMAL INJUK',"

US Army Institute of Surgical Research, Brooke Army Medical Center, Fort

Sam Houston, Texas 78234

Period covered in this report: 1 October 1980 - 30 September 1981

Investigators: James J. Newman, Ph.D., Captain, MSC
Cleon W. Goodwin, M.D.
Arthur D. Mason, Jr., M.D.
Basil A. Pruitt, Jr., M.D., Colonel, MC

Reports Control Symbol MEDDH-288(Rl)

Postinjury metabolism is characterized by elevated hepatic alanine
uptake and glucose production, as well as increased urea loss resulting in
a negative nitrogen balance. The source of the alanine used for hepatic
gluconeogenesis and of the urea nitrogen is believed to be skeletal muscle.
The responses of selected regulatory enzymes, phosphofructokinase (PFK),
glutamate-pyruvate transaminase (GPT), and citrate synthase (CS), involved
in glycolysis, amino acid metabolism, and the citric acid cycle, respec-
tively, were examined in rat muscle after burn injury. Male Sprague-Dawley
rats with 50Z total bod-- surface scald burns were used to study the re-
sponse of uninjured muscles representing a spectrum of fiber types at 3, 7,
13, and 20 days postburn. By 13 to 20 days after injury tle soleus and
diaphragm muscles (intermediate and "red" fiber types, respectively) showed
an increased specific activity (nmoles/min/mg protein) in CS (17-22.5%),
PFK (25-282), and GPT (39-52%). The epitrochlearis (a "white" muscle)
showed no change in CS activity, but PFK and GPT increased 17% and 50%,
respectivUly, by 13 to 20 days after injury. These results indicate that
muscle adapts to injury by increasing its ability to produce alanine, form
pyruvate, and oxidize substrates via the citric acid cycle.

Skeletal mucle metabolism
Burn injury
Oxidative metabolism
Branched-chain amino acids
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CHARACTERIZATION OF SKELETAL MUSCLE METABOLISM AFTE TIAL INJURY

Burn injury causes dramatic acute and chronic physiological alters-
tions. Burn patients exhibit a hypermetabolic period which reaches its
zeaith on the ninth to twelfth poetburn day (1,2), and the degree of this
hypermetabolic response is proportional to the extent and severity of the
wound (1,3). Both injured and non-injured tissues are thought to contrib-
ute to the elevation in whole-body oxygen consumption during the hypermta-
bolic period (1). The elevated oxygen consumption after burn injury implies
that more energy is needed by the burn patient and that more substrate mst
be oxidized to provide this energy. It is important to determine if this
increased metabolic rate causes chronic adaptations in uninjured tissue
after thermal injury.

The postburn period has been characterized by several metabolic al-
teratitons that occur after injury. The burn patient exhibits an elevated
hipatic glucose production and increased hepatic alanine uptake after in-
jury (4). Peripheral glucose utilization was shown to be unaffected until
6 to 16 days after injury, at which time the rate of glucose dia ppearance
is elevated (5). During this period the glucose-alanine cycle proceeds at
an accelerated rate (6) and the nitrogen from alanine and other amino
acids is lost as urea at an increased rate, resulting in a negative nitro-
ge,, bdl.ALIe (4,6). Skeletal muscle is believed to be the primary source
of these amino acids that are used as gluconeogenic precursors by the
liver during the postburn period (4,6).

Skeletal muscle is known to adapt to changes in its homesetatic
metabolic state. Exercise (7,8), selected hormonal treatment (9), and

1. Wilmore DW, Aulick LH, Mason AD Jr, Pruitt BA Jr: Influence of
the burn wound on local and systemic responses to injury. Ann Surg 186:
444-458, 1977.

2. Aulick LH, Hander EH, Wilmore DW, Mason AD Jr, Pruitt BA Jr:
The relative significance of thermal and metabolic demands on burn hyper-
metabolism. J Trauma 19:559-566, 1979.

3. ilmore DW, Aulick LH: Metabolic changes in burned patients.
Surg Clin North Am 58:1173-1187, 1978.

4. Wilmore DW, Goodwin CW, Aulick LH, Powanda MC, Mason AD Jr,
Pruitt BA Jr: Effect of injury and infection on visceral metabolism and
circulation. Ann Surg 192:491-504, 1980.

5. Wilmore DW, Mason AD Jr, Pruitt BA Jr: Alterations in glucose
kinetics following thermal injury. Surg Forum 26:81-83, 1975.

6. Wilmore DW: Hormonal responses and their effect on metabolism.
Sur& clin North Am 56:999-1018, 1976.

7. Holloszy JO: Biochemical adaptations in muscle: effects of
exercise on mitochondrial oxygen uptake and respiratory enzyme activity

in skeletal muscle. J Biol Chem 242:2278-2282, 1967.
8. Baldwin KM, Klinkerfuss GH, Terjung RL, Mole PA, Hollo8y JO:

Respiratory capacity of white, red, and intermediate muscle: adaptive
response to exercise. Am J Physiol 222:373-378, 1972.

9. Berlin CM, Schimke RT: Influence of turnover rates on the re-
sponses of enzymes to cortisone. molec Phormacol 1:149-156, 1965.
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cold-streas (10) are all effctors of muscle metabolic adaptaions. Muscle
has the ability to adapt to these stimuli by selectively Increasing the
amount of mitocho drial protein, while other protein structures, such as
the myofibrils, do not edibit a net increase In uscle fiber protein con-
tent (7,A). This adaptation is a selective process Involving em altered
expression of protein synthesis. Since the unburned lib of an Injured
patient was shown to have elevated oxygen consumption during the postburn
hypermetabolic period (1). perhaps this observation reflects a greater
ability by skeletal mscie to use oxygen for cellular energy production.
The purpose of this study is to determine whether muscle exIbIto moasur-
able metabolic adaptations during the postburn period. Selected regulatory
enyn Involved in glycolysis, amino acid metabolism, and the citric acid
cycle were examined.

MATIALS AM METHODS

Animal care and treatment. Male Sprague-Dowley rate were used in
this Investigation and were maintained on a diet of Purina laboratory
chow and water provided ad libitum and exposed to a 12:12-hour light-dark
cycle. The animals were divided into two groups: a control group and a
burned group. The animals were burned using the procedure described by
Herndon et al. (11). Briefly, this procedure consists of anesthetizing
the rat (50 mg pentobarbital per kg), shaving the area to be burned, plac-
ing the animal in a body mold which exposes a known percentage of the total
body surface (iBS), and scalding the animal in water to produce the desired
wound.depth. In this experiment, the rats (180-200 g) received a 50Z TBS
burn (301 on the dorsum and 20Z on the abdomen). In order to produce a
full-thickness wound and minimize damage to underlying tissues, the dorsum
was scalded for 9 seconds and the abdomen for 3 seconds in 980 C water.
Saline (20 ml) was given intraperitoneally prior to scalding the abdomen
to provide protection to the viscera and to aid in the resuscitation of the
animal. Animals from each group were sacrificed at 3, 7, 13, and 20 days
postinjury. Controls were sacrificed with burned animals on these selected
postburn days, and all experiments were performed at the same time of day.

Tissue samplina and processing. Selected muscles representing a
broad spectrum of fiber types were removed from anesthetized (50 mg/kg,
pentobarbital) rats on the specified postburn day. The soleus, epitroch-
learis, and diaphragm were chosen for study. The soleus is classified as
an intermediate fiber type muecle (intermediate oxidative capacity, low
glycolytic capacity), the diaphragm is a "red" muscle (high oxidative ca-
pacity, moderate glycolytic capacity), and the epitrochlearis is a "white"
muscle (low oxidative capacity, high glycolytic capacity). The munscles
were dissected free of connective tissue, minced on ice, and weighed prior
to dilution for homogenization. A 51 (w/v) hoogenate was prepared from

10. Barri MM, Valtola J: Comparison of physical exertise, Cold ac-
climatization, and repeated injections of isopronallne on rat mcle
enzymes. Act& Physiol Scand 95:391-399, 1975.

11. Herndon DY, Wiluore DI, Mason AD Jr: Development sd analys

of a small animal model simulating the human postburn hypernatabolic
response. J Surg Res 25:394-403, 1978.
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each mscle with a medium consisting of: 175 W14 KC1, 10 xK Slutothione,
and 2.0 ii4 EDTA (PH 7.0). Each sample remained chillied during basisa-
tion with an Ultra-Turrax homogenizer (Tekmar Ind., Cincinnati, Chi.).
A portion of the whole homogenate was centrifuged at 1,000 g for 10 minutes.
The supernatant and remining whole homogenate were stored at -800 C Usti~l

ny e aga. All assays were performed in 1 md cuvettes of 1 ca

light pahat 30C. Reaction rates were measured at zero-order kinetics,
and the rates were proportional to the protein concentration of the sample.

Citrate synthase, CS (citrate oxaloacetate-lyase, IC 4.1.3.7), acti-
vity was assayed as described by Srere (12) with the use of 5,5'-dithiabis-
(2-nitrobenzoic acid), DTNB. Final reagent concentrations used In this
assay included: 60 vft Trio buffer (pH 8.0), 300 1AM acetyl-Cok, 100 UK M NB
500 ujM oxaloacetate, 3.0 iii K2EP04, and diluted homogenate equivalent to
0.1 mg wet weight of tissue.

Prosphofructokinase, P1K (ATP: D-fructos.-6-phosphate 1-phosphotrans-
ferase, EC 2.7.1.11), activity was measured in the 1,000 g supernatant
using the assay procedure described by lergusyor At al. (13). The final
reagent concentrations in the reaction mixture were: 70 uK Tris buffer
(pH 8.5), 1.4 nmi MgSO4, 4.5 mM KC1, 0.71 iii phosphoenolpyruvate. 0.64 am
fructose-1,6-diphosphate, 1.8 mM fructose-6-phosphate, 1.1 M ATP, 0.4 mN
NADI, 4.2 U/ml pyruvate kinase, 9.6 U/mi lactate dehydrogenase, and enough
sample to provide 1.0 mg wet weight of tissue.

Glutauate-pyruvate transazzinase, GPT (L-alanine: 2-oxoglutarate amino-
transferase, EC 2.6.1.2), activity was measured using the spettophotometric
assay described by Bergmeyer and Bernt (14). Optimum conditions Included
the following reagents in the assay mixture: 80 uN potassium phosphate
buffer (pH 7.4), 18 mM ci-ketoglutarate, 600 iii L-alanine, 0.18 %N MNDR,
1.2 U/ml lactate dehydrogenase, and enough homogenate to provide 1.0 mg
wet weight of tissue.

Sample protein content was determined using the biuret method described
by Gornal et al. (15). Bovine serum albumin was used as the standard for
determiniprrotein concentrations.

Analysis of results. The aalysis for statistically significant
alterations in enzyme activity over the postburn period was performed using

12. Srere PA: Citrate synthase. Methods Rusymol 13:3-5. 1969.
13. Bergmeyer 33, Gavehn K, Grassi M: Fructo e6phosphate kines..

in: Methods ofBzyai Anlysis L.U. Bergmayer (Ed.), Academic Press,
New York, 1:451-452, 1971.

14. Bergmeyer HiD, Berut 1: Clutanate-rpyravate trsense In:
methods of gay-i Analysis H .U. Sergmeyer (Ed.), Aiad4ic. lios, NOW
York, 2:752-758, 1974.

15. G oral AG, Bardawll CJ, David MK: Dsterminatii of LseriP pro.-
toins by means of the biuret reaction. J Biol Chem 177:751-7"6, 1049.
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a one-way analysis of variance for each muscle for each enzyme. The dif-
ference in activities between muscles is well documented and was not of
primary interest in this study.

RESULTS

Body weight response. Previous work from this laboratory determined
that uninjured control male Sprague-Dawley rats gain 6-7 grams per day
over the 180-350 g body weight range (11). The control animals In this
study gained weight at 6.6 ± 0.5 g per day, but the burned group gained
weight at 3.9 ± 0.4 g per day over the 20-day postburn period (P < 0.01).

Enzyme activities. Citrate synthase activity was measured in each
muscle (Table 1). An Increase in citrate synthase activity was observed
in the soleus (13%) and diaphragm (17Z) of burned rats at 13 days postinjury
and the levels of citrate synthase remained elevated at 20 days postburn.
The epitrochlearis muscle showed no significant change in citrate 8ynthase
activity over the postburn period. The protein content per gram wet weight
of muscle in the injured animals %as not significantly different from con-
trol values at any postburn time period, indicating that no significant
edema or change in protein concentration occurred within these muscles
after injury.

Phosphofructokinase (PFK) activity was assayed in each muscle at
selected postburn time periods (Table 2). PFK activity in the soleus and
diaphragm was significantly higher (28Z and 25Z respectively) by the
twentieth postburn day. The epitrochlearis showed a 17% increase in PFK
by the twentieth postburn day.

Glutamate-pyruvate transaminase (GPT) activity was assayed in each
muscle during the postinjury period (Table 3). The GPT activity in the
soleus and diaphragm maximized by the thirteenth to twentieth postburn
day, with the GPT activity increasing 52% in the soleus and 39% in the
diaphragm. By the thirteenth day after injury GPT activity in the epi-
trochlearis increased 50% above control levels.

DISCUSSION

Thermal injury causes several metabolic alterations in uninjured
skeletal muscle. In this study the burned animals had a significantly
slower growth rate, and smaller muscles, in comparison to uninjured control
rats. These results confirm previous observations that showed injured
animals or patients with unlimited access to food do not maintain their
preinjury weight (11,16). These results have been interpreted (17) to
mean that the burned animal does not have the ability to utilize enough

16. Kinney JM: Energy deficits in acute illness apd injury. In:
tuaray Metabolism and Body Fuel Utilisation, A.P. Morgan (d.)* ervard
Press, Cambridge, 1966.

17. Fleck A, Munro HN: Protein metabolism after injury. Mstabolism
12:783-789, 1963.
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substrate to produce energy and/or precursors for wound healing and ana-
bolic metabolism simultaneously.

Selected rat muscles were examined for changes in maximal enzyme activ-
ity over the postburn period. The enzymes chosen for study were citrate
synthase, glutamate-pyruvate transaminase, and phosphofructokinase. Citrate
synthase is a citric acid cycle enzyme located in the mitochondrial matrix
and is often used as a marker for mitochondrial content in muscle (7,8).
Glutamate-pyruvate transaminase is a cytoplasmic enzyme involved in the
transfer of amino groups from free intracellular amino acids to pyruvate to
form alanine. Phosphofructokinase is a cytoplasmic glycolytic regulatory
enzyme involved in the oxidation of glucose and/or glycogen through the
glycolytic pathway.

In this investigation an elevation in the specific activity of citrate
synthase was observed in the soleus and diaphragm muscles by 13 days after
injury. This observation indicates that these muscles are responsive to
some stimuli during the postburn period which cause a change in ciLrate
synthase synthesis and/or degradation. If citrate synthase reflects the
response of other citric acid cycle enzymes, then they too would adapt
during the postinjury period, indicating that an increase in mitochondrial
content occurs in these muscles. Elevated mitochondrial content increases
the oxidative capacity of the muscle and, therefore, the ability of the
muscle to use oxygen to produce ATP. The elevation in citrate synthase
and oxidative capacity of these muscles provides an explanation for the
elevated oxygen consumption observed across the uninjured limb in burn pa-
tients (1). The time frame for this adaptation to occur in burned rats is
similar to the time required for the development of the hypermetabolic
period in burn patients. Both the hypermetabolic period in patients and
the increase in citrate synthase in rat muscle occur by 13 days after in-
jury, but are not measurable at 7 days postburn.

Both CPT and PIK follow a time course of adaptation similar to CS in
the soleus and diaphragm. GPT increases to significantly higher levels by
13 days postinjury. These results indicate that the maximal capacity for
producing alanine from pyruvate increases significantly in these muscles
by 13 days after injury. These results suggest that the glucose-alanine
cycle is operative at a faster rate. Burn patients exhibit elevated ala-
nine in the blood, as well as higher hepatic alanine uptake and glucose
production (6). Other investigators have hypothesized that the alanine
comes from skeletal muscle (4,6). These results provide circumstantial
evidence that muscle does produce higher amounts of alanine as reflected
by increases in GPT after burn injury.

The elevated levels of muscle PFK observed in this study after burn
injury also provide further evidence that glucose and/or glycogen are
being utilized at elevated rates after injury. Although glycolysis gen-
erates very little energy, the pyruwats formed from glycolysis can be
oxidized in the citric acid cycle or used for transamination to form ala-
nine. Since GPT and CS are elevated n muscle after injury, it is likely
that the pyrwate is used for transsmination to form alanine and ouidised
to C02 at higher rates.
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Interestingly, the epitrochlearis muscle did not show an increase in
CS during the postburn period. However, GPT and PFK were elevated by 13-20
days after injury. These results indicate that the oxidative capacity of
the epitrochlearis was unaltered, but the capacity for glycolysis and trans-
amination was elevated. The epitrochlearis is classified as a "white fiber
type muscle (18). White muscles have a very low oxidative capacity normally
and derive most of their energy from glycolysis. Generally, white muscles
are not recruited to aid in movement unless the movement is vigorous (7,8),
whereas "red" and "intermediate" muscles are employed constantly to main-
tain posture and perform everyday movements such as walking and eating.
Furthermore, the white muscles are poorly vascularized and the red and
intermediate muscles are well vascularized (8).

Considering these differences in function and anatomy of white muscle,

the following hypotheses are suggested to explain the lack of adaptation
by CS in the epitrochlearis:

(1) The blood supply to an already poorly supplied white muscle may
decrease or remain unchanged, thereby not altering substrate
availability to the white fiber type muscles.

(2) Since white muscles are not used to a large extent in the injured
animal, this inactivity could lead to no adaptation in oxidative
capacity.

These explanations are plausible in light of the work of other inves-
tigators. Aulick et al. (19) showed that although oxygen consumption is
elevated in the unburned limb of patients, the leg blood flow was not al-
tered. Perhaps this lack of an increase in flow is primarily observed in
white skeletal muscle. If the blood flow and substrate delivery to white
muscle is substantially less than delivery to red and intermediate muscle,
the lack of CS adaptation in the epitrochlearis could be related to a lack
of substrate availability for increased protein synthesis.

Inactivity could also be an explanation for decreased citrate synthase
activity seen in the epitrochlearis. Other investigators have shown a
significant decrease in skeletal muscle mitochondrial protein and oxidative
capacity after only 2 days of limb immobilization (20). These results sug-
gest that a lack of contractile activity by white muscle is counterproduc-
tive to increases in oxidative capacity.

The results of this study indicate that metabolic adaptations occur
in uninjured muscles in response to some signal after burn injury. These

18. Nesher R, Karl IE, Kaiser KE, Kipnis DH: Epitrochlearis muscle.
I. Mechanical performance, energetics, and fiber composition. Am J Physiol
239:E454-E460, 1980.

19. Aulick LH, Wilmore DW, Mason AD Jr, Pruitt BA Jr: Muscle blood
flow following thermal injury. Ann Surg 188:778-782, 1978.

20. Krieger DA, Tate CA, McMillin-Wood J, Booth 1: Populations of
rat skeletal muscle mitochondria after exercise and immobilization. J
Appl Physiol 48:23-28, 1980.
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adaptations maximize at approximately the sme time as the hypermetabolic
response reaches its zenith. Red and intermediate muscles are more prone
to show adaptive responses in oxidative capacity, whereas white muscle does
not demonstrate an increase in citrate synthase activity within the same
time frame as the red and intermediate fiber type muscles. The fact that
uninjured muscles show adaptations after burn injury provides evidence that
some pervasive signal is causing changes in muscle metabolism regardless of
the proximity to the injury site.
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23. (U) It has been w~ell known in recent years that the development
of infection has been the most common cause of death in burned soldiers.
As the vast majority of these cases result from invasive infection of
the burn wound, methods of reducing burn wound contamination would be
expected to result in improved survival. In addition, atudies have
shown that cross-contamination colonization causes more invasive burn
wound infections than auto-contamination colonization. These facts
generated interest in the use of laminar air flow isolator units as
part of burn care.

24. (U) The Sci-Med Company of Minneapolis, Minnesota, was contracted
to develop a Laminar air flow unit to meet certain speoif-Ications.
Following temporary installation and initial patient trials, necessary
modifications were undertaken and the unit was redesigned and replaced.
Comparison of burn wound colonization between laminar flow and con-
ventionally treated patients is now in progress.

25. (U) 8010 - 8109. Initial experience with the new laminar flow
unit indicates a marked increase in nursing care requirements for each
patient; visual wound inspection has become markedly more difficult;
small children suffer from emotional and physical deprivation due to a
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look of physical contact; and, in one patient colonization of the burn
wound with coagulase positive Staphylococcus aureus occurred within 418
hours following admission to th laminar flow unit. Additional
experience with this unit will fully delineate the advantages and
disadvantages of laminar flow isolation in burn patients.
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ABSTRACT
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REPORT TITLE: USE OF A LAMINAR FLOW ISOLATOR TO CONTROL
INFECTION IN BURNED TROOPS

US Army Institute of Surgical Research, Brooke Army Medical
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1981

Investigators: William F. McManus, M.D., Colonel, MC
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Reports Control Symbol MEDDH-288(R1)

Infection has continued to be the most common cause of mor-
bidity and death in burned soldiers. Because of the well docu-
mented alterations of host resistance, the burn patient is espe-
cially liable to colonization and subsequent infection of the
burn wound with a variety of microorganisms including bacteria,
fungi and viruses. Since some studies have suggested that cross-
contamination colonization may be responsible for more burn
wound infection than auto colonization, the Sci-Med Company of
Minneapolis, Minnesota was contracted to develop a laminar flow
unit suitable for burn patient care.

Patients admitted to this Burn Center within 24 hours of
injury with burns that exceed 40% of the body surface were eli-
gible for study in the laminar flow unit. Microbiologic monitor-
ing of the burn wound was accomplished prior to placing the patient
in the unit and daily wound cultures are obtained for the 10 days.
Conventional wound care and topical chemotherapy is provided
within the unit. The controls are patients in adjacent beds in
the Intensive Care Unit who have similar wounds and are cultured
with the same frequency as the patient in the laminar flow unit.

During the period 1 October 80 through 30 September 81 the
laminar flow unit was unusable for six months. In addition when
the unit was accessible it could not be used because of repeated
malfunctions. The two main mechanical problems with the laminar
flow isolator unit were repeated water leaks and a lack of temper-
ature control.
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Three patients have been admitted to the Unit. The first patient,
a 15 month girl, refused to eat since she needed to be held while
being fed. Her sensory deprivation necessitated discontinuance of

* the trial after seven days. The second patient was a 66 year old
man who was removed from the laminar flow unit after four days when
his burn wounds became colonized with fungi. The third patient was
a 44 year old man whose care necessitated his removal from the
laminar flow unit within 24 hours to place a Swan-Gantz catheter,
arterial lines, and perform repeated bronchoscopy to maintain a
clear airway.

In summary, nursing care requirements are markedly increased
in the laminar flow isolator. Visibility of the patient is de-
creased. There is increased difficulty in management of intra-
venous or intra-arterial cannulae and infusions. There is increas-
ed difficulty of care when ventilatory support is required. Sensory
deprivation and increased difficulty in obtaining laboratory
samples or in the provision of wound care markedly complicate care.
Two of the three patients who were within the laminar flow isolator
for four or more days were rapidly colonized (one patient with
coagulase positive Staphylococous aureus two days after admission
and the second patient with fungi) despite the ability of the
laminar flow unit to maintain a clean internal environment when
no patient was in the unit. The increased difficulty of care and
the decreased ability to monitor critically burned patients speak
for the discontinuance of this protocol since no overwhelming
microbiologic advantage is apparent to counterbalance the obvious
shortcomings.
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